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NOVEL POLYPEPTIDES AND NUCLEIC ACIDS 
ENCODING SAME 

RELATED APPLICATIONS 

This application claims priority to USSN 60/177,839, filed January 25, 2000; USSN 
60/176,134, filed January 14, 2000; USSN 60/175,989, filed January 13, 2000; USSN 
60/21 8,324, filed July 14, 2000; USSN 60/220,253, filed July 24, 2000; USSN 60/178,191, filed 
January 26, 2000; USSN 60/178,227, filed January 26, 2000; and USSN 60/220,590, filed July 
25, 2000, which are incorporated herein by reference in their entirety. 

TECHNICAL FIELD OF THE INVENTION 

The invention generally relates to nucleic acids and polypeptides encoded therefrom. 

BACKGROUND OF THE INVENTION 

Within the animal kingdom, odor detection is a universal tool used for social interaction, 
predation, and reproduction. Chemosensitivity in vertebrates is modulated by bipolar sensory 
neurons located in the olfactory epithelium, which extend a single, highly arborized dendrite into 
the mucosa while projecting axons to relay neurons wilhin the olfactory bulb. The many ciliae on 
the neurons bear odorant (or olfactory) receptors (ORs), which cause depolarization and 
formation of action potentials upon contact with specific odorants. ORs may also fiinction as 
axonal guidance molecules, a necessary function as the sensory neurons are normally renewed 
continuously through adulthood by imderlying populations of basal cells. 

The mammalian olfactory system is able to distinguish several thousand odorant 
molecules. Odorant receptors are believed to be encoded by an extremely large subfamily of G 
protein-coupled receptors. These receptors share a 7-transmembrane domain structure with many 
neurotransmitter and hormone receptors and are likely to underlie the recognition and G-protein- 
mediated transduction of odorant signals and possibly other chemosensing responses as well. 
The genes encoding these receptors are devoid of introns within their coding regions. Schurmans 
and co-workers cloned a member of this family of genes, OLFRl, from a genomic library by 
cross-hybridization with a gene fragment obtained by PGR. See Schurmans et al, Cvtoeenet. 

1 
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Cell Genet. . 1993, 63(3):200. By isolopic in situ hybridization, they mapped the gene to 17pl3- 
pl2 with a peak at band 17pl3. A minor peak was detected on chromosome 3, with a maximum 
in the region 3ql3-q21. After Mspl digestion, a restriction fragment length polymorphism 
(RFLP) was demonstrated. Using this in a study of 3 CEPH pedigrees, they demonstrated linkage 
with D17S126 at 17pter-pl2; maximum lod = 3.6 at theta = 0.0. Used as a probe on Southern 
blots under moderately stringent conditions, the cDNA hybridized to at least 3 closely related 
genes. Ben-Arie and colleagues cloned 16 human OLFR genes, all from 17pl3.3. See Ben-Arie 
et aLy Hum. Mol, Genet. . 1994, 3(2):229. The intronless coding regions are mapped to a 350-kb 
contiguous cluster, with an average intergenic separation of 1 5 kb. The OLFR genes in the 
cluster belong to 4 different gene subfamilies, displaying as much sequence variability as any 
randomly selected group of OLFRs. This suggested that the cluster may be one of several copies 
of an ancestral OLFR gene repertoire whose existence may have predated the divergence of 
mammals. Localization to 17pl3.3 was performed by fluorescence in situ hybridization as well 
as by somatic cell hybrid mapping. 

Previously, OR genes cloned in different species were from disparate locations in the 
respective genomes. The human OR genes, on the other hand, lack introns and may be 
segregated into four different gene subfamilies, displaying great sequence variability. These 
genes are primarily expressed in olfactory epithelium, but may be found in other 
chemoresponsive cells and tissues as well. 

Blache and co-workers used polymerase chain reaction (PCR) to clone an intronless 
cDNA encoding a new member (named OL2) of the G protein-coupled receptor superfamily.See 
Blache et al , Biochem. Biophvs. Res. Commun., 1 998, 242(3):669. The coding region of the rat 
OL2 receptor gene predicts a seven transmembrane domain receptor of 3 1 5 amino acids. OL2 
has 46.4 percent amino acid identity with OLl, an olfactory receptor expressed in the developing 
rat heart, and slightly lower percent identities with several other olfactory receptors. PCR 
analysis reveals that the transcript is present mainly in the rat spleen and in a mouse insulin- 
secreting cell line (MIN6). No correlation was foimd between the tissue distribution of OL2 and 
that of the olfaction-related GTP-binding protein Golf alpha subunit. These findings suggest a 
role for this new hypothetical G-protein coupled receptor and for its still unknown ligand in the 
spleen and in the insulin-secreting beta cells. 

Olfactory loss may be induced by trauma or by neoplastic growths in the olfactory 
neuroepithelium. There is currently no treatment available that effectively restores olfaction in 
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the case of sensorineural olfactory losses. See Harrison^s Principles of Internal Medicine^ 14*^ 
Ed, Fauci, AS et al. (eds.), McGraw-Hill, New York, 1998, 173. There thus remains a need for 
effective treatment to restore olfaction in pathologies related to neural olfactory loss. 

5 SUMMARY OF THE INVENTION 

The invention is based, in part, upon the discovery of novel polynucleotide sequences 
encoding novel polypeptides. 

Accordingly, in one aspect, the invention provides an isolated nucleic acid molecule that 
includes the sequence of SEQ ID NO: i; 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25 or a fragment, 
10 homolog, analog or derivative thereof. The nucleic acid can include, e.g,^ a nucleic acid 

sequence encoding a polypeptide at least 85% identical to a polypeptide that includes the amino 
acid sequences of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 1 8, 20, 22, 24 or 26. The nucleic acid 
can be, e.g., a genomic DNA fragment, or a cDNA molecule. 

Also included in the invention is a vector containing one or more of the nucleic acids 
15 described herein, and a cell containing the vectors or nucleic acids described herein. 

The invention is also directed to host cells transformed with a vector comprising any of 
the nucleic acid molecules described above. 

In another aspect, the invention includes a pharmaceutical composition that includes a 
NOVX nucleic acid and a pharmaceutically acceptable carrier or diluent. 
20 In a further aspect, the invention includes a substantially purified NOVX polypeptide, 

e.g., any of the NOVX polypeptides encoded by an NOVX nucleic acid, and fragments, 
homologs, analogs, and derivatives thereof The invention also includes a pharmaceutical 
composition that includes an NOVX polypeptide and a pharmaceutically acceptable carrier or 
diluent. 

25 In still a further aspect, the invention provides an antibody that binds specifically to an 

NOVX polypeptide. The antibody can be, e.g., a monoclonal or polyclonal antibody, and 
fragments, homologs, analogs, and derivatives thereof The invention also includes a 
pharmaceutical composition including NOVX antibody and a pharmaceutically acceptable carrier 
or diluent. The invention is also directed to isolated antibodies that bind to an epitope on a 

30 polypeptide encoded by any of the nucleic acid molecules described above. 

The invention also includes kits comprising any of the pharmaceutical compositions 
described above. 

3 
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The invention ftjrther provides a method for producing an NOVX polypeptide by 
providing a cell containing an NOVX nucleic acid, e.g., a vector that includes an NOVX nucleic 
acid, and culturing the cell under conditions sufficient to express the NOVX polypeptide encoded 
by the nucleic acid. The expressed NOVX polypeptide is then recovered from the cell. 
5 Preferably, the cell produces little or no endogenous NOVX polypeptide. The cell can be, e.g., a 
prokaryotic cell or eukaryotic cell. 

The invention is also directed to methods of identifying an NOVX polypeptide or nucleic 
acid in a sample by contacting the sample with a compound that specifically binds to the 
polypeptide or nucleic acid, and detecting complex formation, if present. 
10 The invention further provides methods of identifying a compound that modulates the 

activity of an NOVX polypeptide by contacting an NOVX polypeptide with a compound and 
' determining whether the NOVX polypeptide activity is modified. 

The invention is also directed to compounds that modulate NOVX polypeptide activity 
identified by contacting an NOVX polypeptide with the compound and determining whether the 
1 5 compound modifies activity of the NOVX polypeptide, binds to the NOVX polypeptide, or binds 
to a nucleic acid molecule encoding an NOVX polypeptide. 

In another aspect, the invention provides a method of determining the presence of or 
predisposition of an NOVX-associated disorder in a subject. The method includes providing a 
sample from the subject and measuring the amount of NOVX polypeptide in the subject sample. 
20 The amount of NOVX polypeptide in the subject sample is then compared to the amount of 

NOVX polypeptide in a control sample. An alteration in the amount of NOVX polypeptide in 
the subject protein sample relative to the amount of NOVX polypeptide in the control protein 
sample indicates the subject has a tissue proliferation-associated condition. A control sample is 
preferably taken from a matched individual, i.e., an individual of similar age, sex, or other 
25 genera] condition but who is not suspected of having a tissue proliferation-associated condition. 
Alternatively, the control sample may be taken from the subject at a time when the subject is not 
suspected of having a tissue proliferation-associated disorder. In some embodiments, the NOVX 
is detected using an NOVX antibody. 

In a further aspect, the invention provides a method of determining the presence of or 
30 predisposition of an NOVX-associated disorder in a subject. The method includes providing a 
nucleic acid sample, e.g., RNA or DNA, or both, from the subject and measuring the amotmt of 
the NOVX nucleic acid in the subject nucleic acid sample. The amount of NOVX nucleic acid 

4 
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sample in the subject nucleic acid is then compared to the amount of an NOVX nucleic acid in a 
control sample. An alteration in the amount of NOVX nucleic acid in the sample relative to the 
amount of NOVX in the control sample indicates the subject has a NOVX-associated disorder. 

In a still further aspect, the invention provides a method of treating or preventing or 
5 delaying an NOVX-associated disorder. The method includes administering to a subject in 
which such treatment or prevention or delay is desired an NOVX nucleic acid, an NOVX 
polypeptide, or an NOVX antibody in an amount sufficient to treat, prevent, or delay a NOVX- 
associated disorder in the subject. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
10 meaning as conunonly understood by one of ordinary skill in the art to which this invention 

belongs. Although methods and materials similar or equivalent to those described herein can be 
used in the practice or testing of the present invention, suitable methods and materials are 
described below. All publications, patent applications, patents, and other references mentioned 
herein are incorporated by reference in their entirety. In the case of conflict, the present 
1 5 specification, including definitions, vsdll control. In addition, the materials, methods, and 
examples are illustrative only and not intended to be limiting. 

Other features and advantages of the invention will be apparent from the following 
detailed description and claims. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Olfactory receptors (ORs) are the largest family of G-protein-coupled receptors (GPCRs) 
and belong to the first family (Class A) of GPCRs, along with catecholamine receptors and 
opsins. The OR family contains over 1,000 members that traverse the phylogenetic spectrum 
from C elegans to mammals. ORs most likely emerged from prototypic GPCRs several times 

25 independently, extending the structural diversity necessary both within and between species in 
order to differentiate the multitude of ligands. Individual olfactory sensory neurons are predicted 
to express a single, or at most a few, ORs. All ORs are believed to contain seven a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. The pocket of OR ligand binding is expected to be 

30 between the second and sixth transmembrane domains of the proteins. Overall amino acid 

sequence identity within the mammalian OR family ranges from 45% to >80%, and genes greater 
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than 80% identical to one another at the amino acid level are considered to belong to the same 
subfamily. 

Since the first ORs were cloned in 1 991 , outstanding progress has been made into their 
mechanisms of action and potential dysregulation during disease and disorder. It is understood 

5 that some human diseases result from rare mutations within GPCRs. Drug discovery avenues 

could be used to produce highly specific compounds on the basis of minute structural differences 
of OR subtypes, which are now being appreciated with in vivo manipulation of OR levels in 
transgenic and knock-out animals. Furthermore, due to the intracellular homogeneity and ligand 
specificity of ORs, renewal of specific odorant-sensing neurons lost in disease or disorder is 

10 possible by the introduction of individual ORs into basal cells. Additionally, new therapeutic 
strategies may be elucidated by further study of so-called orphan receptors, whose ligand(s) 
remain to be discovered. 

OR proteins bind odorant ligands and transmit a G-prolein-mediated intracellular signal, 
resulting in generation of an action potential. The accumulation of DNA sequences of hundreds 

15 of OR genes provides an opportunity to predict features related to their structure, function and 
evolutionary diversification. See Pilpel Y, et.al.. Essays Biochem 1 998;33 :93- 1 04. The OR 
repertoire has evolved a variable ligand-binding site that ascertains recognition of multiple 
odorants, coupled to constant regions that mediate the cAMP-mediated signal uansduction. The 
cellular second messenger underlies the responses to diverse odorants through the direct gating 

20 of olfactory-specific cation channels. This situation necessitates a mechanism of cellular 
exclusion, whereby each sensory neuron expresses only one receptor type, which in turn 
influences axonal projections. A 'synaptic image* of the OR repertoire thus encodes the detected 
odorant in the central nervous system. 

The ability to distinguish different odors depends on a large number of different odorant 

25 receptors (ORs). ORs are expressed by nasal olfactory sensory neurons, and each neuron 

expresses only 1 allele of a single OR gene. In the nose, different sets of ORs are expressed in 
distinct spatial zones. Neurons that express the same OR gene are located in the same zone; 
however, in that zone they are randomly interspersed with neurons expressing other ORs. When 
the cell chooses an OR gene for expression, it may be restricted to a specific zonal gene set, but it 

30 may select from that set by a stochastic mechanism. Proposed models of OR gene choice fall into 
2 classes: locus-dependent and locus-independent. Locus-dependent models posit that OR genes 

6 
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are clustered in the genome, perhaps with members of different zonal gene sets clustered at 
distinct loci. In contrast, locus-independent models do not require that OR genes be clustered. 

OR genes have been mapped to 1 1 different regions on 7 chromosomes. These loci lie 
within paralogous chromosomal regions that appear to have arisen by duplications of large 
chromosomal domains followed by extensive gene duplication and divergence. Studies have 
shown that OR genes expressed in the same zone map to numerous loci; moreover, a single locus 
can contain genes expressed in different zones. These findings raised the possibility that OR gene 
choice is locus-independent or involved consecutive stochastic choices. 

Issel-Tarver and Rine (1996) characterized 4 members of the canine olfactory receptor 
gene family. The 4 subfamilies comprised genes expressed exclusively in olfactory epithelium. 
Analysis of large DNA fragments using Southern blots of pulsed field gels indicated that 
subfamily members were clustered together, and that two of the subfamilies were closely, linked 
in the dog genome. Analysis of the four olfactory receptor gene subfamilies in 26 breeds of dog 
provided evidence that the number of genes per subfamily was stable in spite of differential 
selection on the basis of olfactory acuity in scent hounds, sight hounds, and toy breeds. 

Issel-Tarver and Rine (1997) performed a comparative study of four subfamilies of 
olfactory receptor genes first identified in the dog to assess changes in the gene family during 
mammalian evolution, and to begin linking the dog genetic map to that of humans. These four 
families were designated by them OLFl, OLF2, OLF3, and 6lF4 in the canine genome. The 
subfamilies represented by these four genes range in size from 2 to 20 genes. They are all 
expressed in canine olfactory epithelium but were not detectably expressed in canine lung, liver, 
ovary, spleen, testis, or tongue. The OLFl and OLF2 subfamilies are tightly linked in the dog 
genome and also in the human genome. The smallest family is represented by the canine OLFl 
gene. Using dog gene probes individually to hybridize to Southern blots of genomic DNA from 
24 somatic cell hybrid lines. They showed that the human homologous OLFl subfamily maps to 
human chromosome 1 1 . The human gene with the strongest similarity to the canine OLF2 gene 
also mapped to chromosome 1 1. Both members of the human subfamily that hybridized to canine 
OLF3 were located on chromosome 7. It was difficuh to determine to which chromosome or 
chromosomes the human genes that hybridized to the canine OLF4 probe mapped. This 
subfamily is large in mouse and hamster as well as human, so the rodent background largely 
obscured the human cross-hybridizing bands. It was possible, however, to discern some human- 
specific bands in blots corresponding to human chromosome 19. They refined the mapping of the 
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human OLFl homolog by hybridization to YACs that map to 1 Iql 1. In dogs, the OLFl and 
OLF2 subfamilies are within 45 kb of one another (Issel-Tarver and Rine (1 996)). 

Issel-Tarver and Rine (1997) demonstrated that in the human OLFl and OLF2 homologs 
are likewise closely linked. By studying YACs, Issel-Tarver and Rine (1997) found that the 
human OLF3 homolog maps to 7q35. A chromosome 19-specific cosmid library was screened by 
hybridization with the canine OLF4 gene probe, and clones that hybridized strongly to the probe 
even at high stringency were localized to 19pl3.1 and 19pl3.2. These clones accounted, 
however, for a small fraction of the homologous human b£Lnds. 

Rouquier et al. (1998) demonstrated that members of the olfactory receptor gene family 
are distributed on all but a few human chromosomes. Through fluorescence in situ hybridization 
analysis, they showed that OR sequences reside at more than 25 locations in the human genome. 
Their distribution was biased for terminal bands of chromosome arms. Flow-sorted 
chromosomes were used to isolate 87 OR sequences derived from 16 chromosomes. Their 
sequence relationships indicated the inter- and intrachromosomal duplications responsible for OR 
family expansion. Rouquier et al. (1998) determined that the human genome has accumulated a 
striking number of dysfunctional copies: 72% of these sequences were found to be pseudogenes. 
ORF-containing sequences predominate on chromosomes 7, 1 6, and 1 7. 

Trask et al. (1998) characterized a subtelomeric DNA duplication that provided insight 
into the variability, complexity, and evolutionary history of that unusual region of the human 
genome, the telomere. Using a DNA segment cloned from chromosome 19, they demonstrated 
that the blocks of DNA sequence shared by different chromosomes can be very large and highly 
similar. Three chromosomes appeared to have contained the sequence before humans migrated 
around the world. In contrast to its multicopy distribution in humans, this subtelomeric block 
maps predominantly to a single locus in chimpanzee and gorilla, that site being nonorthologous 
to any of t he, locations in.the human g enome. Three new members of the olfactory receptor (OR) 
gene family were found to be duplicated within this large segment of DNA, which was found to 
be present at 3q, 1 5q, and 1 9p in each of 45 unrelated humans sampled from various populations. 
From its sequence, one of the OR genes in this duplicated block appeared to be potentially 
functional. The findings raised the possibility that functional diversity in the OR family is 
generated in part through duplications and interchromosomai rearrangements of the DNA near 
human telomeres. 

8 
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Mombaerts (1999) reviewed the molecular biology of the odorant receptor (OR) genes in 
vertebrates. Buck and Axel (1991) discovered this large family of genes encoding putative 
odorant receptor genes. Zhao et al. (1998) provided functional proof that one OR gene encodes a 
receptor for odorants. The isolation of OR genes from the rat by Buck and Axel (1991) was 

5 based on three assumptions. First, ORs are likely G protein-coupled receptors, which 

characteristically are 7-transmembrane proteins. Second, ORs are likely members of a multigene 
family of considerable size, because an immense number of chemicals with vastly different 
structures can be detected and discriminated by the vertebrate olfactory system. Third, ORs are 
likely expressed selectively in olfactory sensory neurons. Ben-Arie et al. (1994) focused attention 

10 on a cluster of human OR genes on 1 7p, to which the first human OR gene, OR1D2, had been 
mapped by Schurmans et al. (1993). According to Mombaerts (1999), the sequences of more 
than 1 50 human OR clones had been reported. 
' The human OR genes differ markedly from their counterparts in other species by their 

high frequency of pseudogenes, except the testicular OR genes. Research showed that individual 

1 5 olfactory sensory neurons express a small subset of the OR repertoire. In rat and mouse, axons of 
neurons expressing the same OR converge onto defined glomeruli in the olfactory bulb. 

The present invention provides novel nucleotides and polypeptides encoded thereby. 
Included in the invention are the novel nucleic acid sequences and their polypeptides. The 
sequences are collectively referred to as "NOVX nucleic acids" or "NOVX polynucleotides" and 

20 " the corresponding encoded polypeptides are referred to as "NOVX polypeptides" or "NOVX 

proteins." Unless indicated otherwise, "NOVX" is meant to refer to any of the novel sequences 
disclosed herein. Table 1 provides a simimary of the NOVX nucleic acids and their encoded 
polypeptides. Example 1 provides a description of how the novel nucleic acids were identified. 
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TABLE J. Seouenre^ and Correspondinp SEP ID Numbers 



NOVX 
Assignment 


Infernal 
Identification 


SEQ ID 

NO 
(nucleic 
acid) 


SEQ ID NO 
(polypeDtide) 


Homology 


1 


AL12I944 A 


1 


2 


OR GPCR 


2 


AL 1 35904 A 


3 


4 


OR GPCR 


3 


ALI21986A 


5 


6 


OR ni>CR 


4 


AL121986A1 


7 


8 


OR GPCR 


5 


ACO 12661 A 


9 


10 




6 


AC0J266I B 


11 


12 


OR GPCR 


7 


AF061779A 


13 


14 


OR GPCR 


8 


ACO 126 16 A 


15 


16 


OR GPCR 


9 


AC0I2616 Al 


17 


18 


OR GPCR 


10 


AC019108 A 


19 


20 


ORGPCR 


11 


ACO 1266 1 dal 


21 


22 


OR GPCR 


12 


CG5038I.01 


23 


24 


OR GPCR 


13 


ACO 12661 A .0. 
46 EXT 


25 


26 


OR GPCR 



NOVX nucleic acids and their encoded polypeptides are usefiil in a variety of 
applications and contexts. The various NOVX nucleic acids and polypeptides according to the 
invention are usefiil as novel members of the protein families according to the presence of 
domains and sequence relatedness to previously described proteins. Additionally. NOVX 
nucleic acids and polypeptides can also be used to identify proteins that are members of the 
family to which the NOVX polypeptides belong. 

For example. NOVl-10 are homologous to members of the odorant receptor (OR) family 
of the human G-protein coupled receptor (GPCR) superfamily of proteins, as shown in Table 56. 
Thus, the NOVl-10 nucleic acids and polypeptides, antibodies and related compounds according 
to the invention will be usefi.! in therapeutic and diagnostic applications in disorders of olfactory 
loss. e.g.. trauma. HIV illness, neoplastic growth and neurological disorders e.g. Parkinson's 
disease and Alzheimer's disease. 

The NOVX nucleic acids and polypeptides can also be used to screen for molecules, 
which inhibit or enhance NOVX activity or fiinction. Specifically, the nucleic acids and 
polypeptides according to the invention may be used as targets for the identification of small 
molecules that modulate or inhibit, e.g., neurogenesis, cell differentiation, cell motility, cell 
proliferation and angiogenesis. 

Additional utilities for the NOVX nucleic acids and polypeptides according to the 
invention are disclosed herein. 
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NOVl 

A NOVl sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOVl nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 2. The disclosed nucleic acid (SEQ ID N0:1) is 1.071 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 42-44 and ends with a TAA stop codon at nucleotides 1 ,053-1 ,055. The 
representative ORF encodes a 337 amino acid polypeptide (SEQ ID NO:2). Putative untranslated 
regions upstream and dovmstream of the coding sequence are underlined in SEQ ID NO: 1. 



TABLE 2. 

ATATTTrATTCTCTGfiGTCTTCATOCAGATATATTCAAGCAA TGGAAGGGAAAAATC 
AAACCAATATCTCTGAATTTCTCCTCCTGGGCTTCTCAAGTTGGCAACAACAGCAGG 
TGCTACTCTITGCACTTTTCCTGTGTCTCTATTTAACAGGGCTGTTTGGAAACTTACT 
CATCTTGCTGGCCArrGGCTCGGATCACTGCCTTCACACACCCATGTATTTCTTCCTT 
GCCAATCTGTCCTTGGTAGACCTCTGCCTTCCCTCAGCCACAGTCCCCAAGATGCTA 
CTGAACATCCAAACCCAAACCCAAACCATCTCCTATCCCGGCTGCCTGGCTCAGATG 
TATTTCTGTATGATGTITGCCAATATGGACAATTTTCTTCTCACAGTGATGGCATATG 
ACCGTTACGTGGCCATCTGTCACCCTTTACATTACTCCACCATTATGGCCCTGCGCCT 
20 CTGTGCCTCTCTGGTAGCTGCACCTTGGGTCATTGCCATTTTGAACCCTCTCTTGCAC 
ACTCTTATGATGGCCCATCTGCACTTCTGCTCTGATAATGTTATCCACCATTTCTTCT 
GTGATATCAACTCTCTCCTCCCTCTGTCCTGTTCCGACACCAGTCTTAATCAGTTGAG 
TGTTCTGGCTACGGTGGGGCTGATCTTTGTGGTACCTTCAGTGTGTATCCTGGTATCC 
TATATCCTCATTGTTTCTGCTGTGATGAAAGTCCCTTCTGCCCAAGGAAAACTCAAG 
25 GCTTTCTCTACCTGTGGATCTCACCTTGCCTTGGTCATTCTTTTCTATGGAGCAATCA 
CAGGGGTCTATATGAGCCCCTTATCCAATCACTCTACTGAAAAAGACTCAGCCGCAT 
CAGTCATrnTATGGTTGTAGCACCTGTGTTGAATCCATTCATTTACAGTTTAAGAAA 
CAATGAACTGAAGGGGACTTTAAAAAAGACCCTAAGCCGACCGGGCGCGGTGGCTC 
ACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCATGAGGTCAGGA 

30 GATC^T A A ^ Tr-rTr.r.rT A Ar A AnnTGAAACCCCGT (SEQ ID NO.: 1 ) 
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MEGKNQTNISEFLLLGFSSWQQQQVLLFALFLCLYLTGLFGNLLILLAIGSDHCLHTPMY 
FFLANLSLVDLCLPSATVPKMLLNIQTQTQTISYPGCLAQMWCMMFANMDNFLLW 
AYDRYVAICHPLHYSTIMALRLCASLVAAPWVIAILNPLLHTLMMAHLHFCSDNVIHHF 
FCDINSLLPLSCSDTSLNQLSVLATVGLIFVVPSVCILVSYILIVSAVMKVPSAQGKLKAFS 
5 TCGSHLALVILFYGAITGVYMSPLSNHSTEKDSAASVIFMVVAPVLNPFIYSLRNNELKG 
TLKKTLSRPGAVAHACNPSTLGGRGG WIMRSGDRDHPG (SEQ ID NO.: 2) 

The NOVl nucleic acid sequence has homology with several fragments of the human 
olfactory receptor 1 7-93 (OLFR) (GenBank Accession No.: HSU76377), as shown in Table 3. 

10 Also, the NOVl polypeptide has homology (approximately 61% identity, .74% similarity) to 

human olfactory receptor, family 1 , subfamily F, member 8 (OLFR) (GenBank Accession No.: 
XP007973), as is shown in Table 4. Furthermore, the NOVl polypeptide has homology 
(approximately 61% identity, 75% similarity) to a human olfactory protein (OLFR)(EMBL 
Accession No.: 043749), as is shown in Table 5. 

15 Overall amino acid sequence identity within the mammalian OR family ranges from 45% 

to >80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer and Berghard, Trends in 
Pharmacological Sciences J 999, 20:413. 

OR proteins have seven transmembrane a-helices separated by three extracellular and 

20 three cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy- 
terminus. Multiple sequence aligment suggests Uiat the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. 

Thus, NOVl is predicted to have a seven transmembrane region and is similar in that 
region to a representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288), as 

25 is shown in Table 6. 



TABLE 3 

NOVl • 1034 GGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCAT 1093 

II llllllllllMllllllllllillliillllllilllllilillll INIIII 

30 OLFR: 41200 GGATGCGGTGGCTCACGCCFGTAATCCCAGCACTTTGGGAGGCCGAGGTGGGCGGAT^^ 41259 
NOVl- 1094 GAGGTCAGGAGATCGAGACCATCCTGGCTAAC 1125 (SBQ ID NO. 33) 

IIIIMII I lllllllll Mill III ^ „^ 

OLFR: 41260 GAGGTCAGTTGTTCGAGACCAACCTGGTCAAC 41291 (SEQ ID NO. 37) 



35 
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NOVl; 
OLFR: 



1032 CCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATC 1091 

I Nil lllllllllll I IIIIIIIIIIIIIMIIIIIIIIIIIIIIIIII Mill 

1 CTGGGCTCGGTGGCTCACACGTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGCGGATC 60 
NOVl: 1092 A- -TGAGGTCAGGAGATCGAGACCATCCTGGCTAAC 1125 (SEQ ID NO 41) 

I IMIilllllll illlllill lllll III 

OLFR: 61 ACATGAGGTCAGGAGTTCGAGACCAGCCTGGTCT^C 96 (SEQ ID NO. 47) 

NOVl: 112 5 GTTAGCCAGGATGGTCTCGATCTCCTGACCTCATGATCCACCCGCCTCGGCCTCCCAAAG 1066 

iiiiiiiiiiiiiiiiii Miiiiiiiijii liiiii II nil iiiiiiiiiiii 

OLFR: 4688 GTTAGCmGGATGGTCTCAATCTCCTGACCTCGTGATCCGCCTGCCTTGGCCTCCCAAA 4747 
NOVl: 1065 TGCTGGGATTACAGGCGTGAGCCACCGCGCCCGG 1032 (SEQ ID NO 48) 

IIIIMIIIillllll llllllll llllllll 

OLFR: 4748 TGCTGGGATTACAGGCATGAGCCACTGCGCCCGG 4781 (SEQ ID NO. 52} 



TABLE 4 

NOVl: 1 MSGTNQSSVSEFLLLGLSRQPQQQHLLFVFFLSMYLATVLGNLLIILSVSIDSCLHTPMY 60 
OLFR I 1 MEGKNQTNISEFLLLGFSSWQQQQVLLFALFLCLYLTGLFGNLLILLAIGSDHCLHTPMY 60 

NOVl: 61 FFLSNLSFVDICFSFTTVPKMLANHILETQTISFCGCLTQMYFVFMFVDMDNFLLAVMAY 120 

♦ + + ♦ ****** * 4.*****+ +*♦**★* 

OLFR: 61 FFIJ^SLVDLCLPSATVPKMLIJJIQTQTQTISYPGCIAQMYFCIWFANMDNFLLT^ 120 
NOVl: 121 DHFVAVCHPLHYTAKMTHQLCyVLLVAGLWVVANLNVLLHTLLMAPLSFCADNAITHFFCD 180 

♦ 4.** + ******+ * +**♦ *** **4.* ** **♦★♦ + ** ★ ** + ** * ***** 
OLFR: 121 DRYVAICHPLHYSTIMALRLCASLVAAPWVIAILNPLLHTLMMAHLHFCSDNVIHHFFCD 180 

NOVl: 181 VTPLLKLSCSDTHLNEVIILSEGALVMITPFLCILASYMHITCTVLKVPSTKGRWKAFST 240 

4- ** ****** **. . ♦ . . * .^^^ . ^ 



300 



+ ** ****** ** + + *+ + ♦ +**♦ ♦*+ * ★ + ***♦ 

U1.J-K: XBi INSLLPLSCSDTSLNQLSVLATVGLIFWPSVCILVSYILIVSAVMKVPSAQGKLKAFST 240 

NOVl: 241 CGSHLAVVLLFYSTIIAVYFNPLSSHSAEKDTMATVLYTVVTPMIJIPFIYSIJ^ 300 
******^.*+*** * +**♦+** ***4. * + *++ ** * + **♦*****♦♦ *♦* 

OLFR: 241 CGSHLALVILFYGAITGVYMSPLSNHSTEKDSAASVIFMWAPVLNPFIYSLRNNELKGT 

NOVl: 301 LKKWGR 307 (SEQ ID NO, 27) 
*** + * 

OLFR: 301 LKKTLSR 307 (SEQ ID NO. 28) 

Where * indicates identity and + indicates similarity. 
TABLE 5 



NOVl: 1 MEGKNQTNISEFLLLGFSSWQQQQVLLPALFLCLYLTGLFGNLLILLAIGSDHCLHTPMY 60 

* ♦ **4. + + ******* * **♦ ^ ***** + *+4. * ***♦♦*♦ 

OLFR: 1 MSGTNQSSVSEFLLLGLSRQPQQQHLLFVFFLSMYLATVLGNLLIILSVSIDSCLHTPMY 60 

NOVl: 61 FFLANLSLVDLCLPSATVPKMLLNIQTQTQTISYPGCLAQMYFCM^FANMDNm 120 

***+*♦★ **+* ****** * +*****+ +***♦♦* 

OLFR: 61 FFLSNLSFVDICFSFTTVPKMLANHILETQTISFCGCLTQMYFVFMFVD^4DNFLLAVMAY 120 
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NOVl: 121 DRyVAICHPIJrySTIMAIJa.CASLVAAPWVIAILNPIJ^TIJviMAH^^ 180 

OLFR: 121 DHFVAVCHPlJ^r^AKMTHOLCALLVAGLWWANIi^^vn:.IJ^X 180 

NOVl: 181 INSLLPI^CSIXrSI^QLSVlJVTVGLirV\^SVCILVSYILIVSAVMKVPSAQG 240 

OLFR: 181 VTPia*KI^CSDTHLNEVIILSEGAL\n^ITPFLCIlJ\SYr^ITCriVLKVPSTTO 240 

NOVl: 241 CGSHLJU*VILFYGAITGVYMSPLSNHSTEKDSAASVIFMVVAPVIJIPFIYSUU^ 299 
(SBQ ID NO. 29) 

♦♦*♦♦*+♦+**♦ * ** ***+ ♦+♦++ ♦* ♦+♦♦♦♦*♦♦♦♦♦ *♦* 

OLFR: 241 CGSHLAVVLLFYSTI lAVYFNPLSSHSAEKDTMATVLYTVVTPMLNPFIYSLRNRYLKG 299 
(SEQ ID NO. 30) 

Where ♦ indicates identity and + indicates similarity. 



TABLE 6 

AIGSDHCUITPMYFFLANLSLVDLCLPSATVPKMLI^IQTQTQTISYPGCIAQMYFCMMF 107 
AVSREKAI^TTTNYLIVSLAVADLLVATLVMPWVVYLEVVGEWKFSRIHCDIFVTLDV^ 6 7 



CTASII^CAISIDRYTAVAMPMLYNTRYSSKRRVTVMIAIVVAnjSFTISCPMLFGIJJOT X27 



NOVl : 


48 


GPCR: 


8 


NOVl: 


108 


GPCR: 


68 


NOVl: 


167 


GPCR: 


128 


NOVl: 


227 


GPCR: 


168 



-ECIIANPAFWYSSIVS- -FYVPFIVTLLVYIKIYIVLR 167 



Because the OR family of the GPCR superfamily is a group of related proteins 
30 specifically located at the ciliated surface of olfactory sensory neurons in the nasal epithelium 

and are involved in the initial steps of the olfactory signal transduction cascade, NOVl can be 

used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 

superfamily, NOVl satisfies a need in the art by providing new diagnostic or therapeutic 
35 compositions useful in the treatment of disorders associated with alterations in the expression of 

members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 

diseases and pathologies, including by way of nonlimiling example, those involving 

neurogenesis, cancer and wound healing. 
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NOV2 

A NOV2 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV2 nucleic acid and its encoded polypeptide includes the 
5 sequences shown in Table 7. The disclosed nucleic acid (SEQ ID NO:3) is 1 ,040 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 82-84 and ends with a TGA stop codon at nucleotides 1,012-1,014. The 
representative ORF encodes a 310 amino acid polypeptide (SEQ IDNO:4). Putative untranslated 
regions upstream and downstream of the coding sequence are underlined in SEQ ID NO: 3. 

10 

TABLE 7. 

CCGAACAAGTTAAAATGAATCTGTTTTTAAACACTTCTCCTAAACCATGAGCATTAA 
CTTGATTTCCTCTGTCATAGGGAT ATGGGAGACAATATAArATrrATPAnAr.ArtTTn 

CTCCTACTGGGATTTCCCGTTGGCCCAAGGATTCAGATGCTCCTCTTTGGGCTCTTCT 

1 5 CCCTGTTCTACGTCTTCACCCTGCTGGGGAACGGGACCATACTGGGGCTCATCTCAC 
TGGACTCCAGACTGCACGCCCCCATGTACTTCTTCCTCTCACACCTGGCGGTCGTCG 
ACATCGCCTACGCCTGCAACACGGTGCCCCGGATGCTGGTGAACCTCCTGCATCCAG 
CCAAGCCCATCTCCTTTGCGGGCCGCATGATGCAGACCTTTCTGTTTTCCACTTTTGC 
TGTCACAGAATGTCTCCTCCTGGTGGTGATGTCCTATGATCTGTACGTGGCCATCTGC 

20 CACCCCCTCCGATATTTGGCCATCATGACCTGGAGAGTCTGCATCACCCTCGCGGTG 
ACTTCCTGGACCACTGGAGTCCTTTTATCCTTGATTCATCTTGTGTTACTTCTACCTTT 
ACCCTTCTGTAGGCCCCAGAAAATTTATCACrirrniGTGAAATCTTGGCTGTTCTC 
AAACTTGCCTGTGCAGATACCCACATCAATGAGAACATGGTCTTGGCCGGAGCAATT 
TCTGGGCTGGTGGGACCCTTGTCCACAATTGTAGTTTCATATATGTGCATCCTCTGTG 

25 CTATCCTTCAGATCCAATCAAGGGAAGTTCAGAGGAAAGCCTTCCGCACCTGCTTCT 
CCCACCTCTGTGTGATTGGACTCGTTTATGGCACAGCCATTATCATGTATGTTGGACC 
CAGATATGGGAACCCCAAGGAGCAGAAGAAATATCTCCTGCTGTTTCACAGCCTCTT 
TAATCCCATGCTCAATCCCCTTATCTGTAGTCTTAGGAACTCAGAAGTGAAGAATAC 
TTTGAAGAGAGTGCTGGGAGTAGAAAGGGCTTTATG AAAAGGATTATGGCATTGTG 

30 ACTGACA (SEQ ID NO.: 3) 
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MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYFFL 
SHLAVVDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLWM 
YVAICHPLRYLAIMTWVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEl^ 
VLKIACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFRTCFSH 
5 LCVIGLVYGTAlIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKlSn^ 
LGVERAL (SEQ ID NO.: 4) 

The NOV2 nucleic acid, polypeptide, antibodies and other compositions of the present 
invention can be used to detect nasal epithelial neuronal tissue. A NOV2 nucleic acid was 
10 identified on human chromosome 6. 

The NOV2 nucleic acid sequence has a high degree of homology (99% identity) with a 
' ..human genomic clone corresponding to chromosome 6 (CHR6) (GenBank Accession No.: 
ALl 35904), as shown in Table 8. Additionally, the NOV2 polypeptide has a high degree of 
homology (approximately 95% identity) to a human olfactory receptor (OLFR) (GenBank 
1 5 Accession No.: ALl 35904), as shown in Table 9. Furthermore, the NOV2 polypeptide has a high 
degree of homology (approximately 91% identity) to a human olfactory protein (OLFR) (EMBL 
Accession No.: AC005587), as shown in Table 10. Overall amino acid sequence identity within 
the mammalian OR family ranges from 45% to >80%. OR genes that are 80% or more identical 
to each other at the amino acid level are considered by convention to belong to the same 
20 subfamily. See Dryer and Berghard, Trends in Pharmacological Sciences, 1 999, 20:4 1 3 . 

OR proteins have seven transmembrane a-helices separated by three extracellular and 
thi«e cytoplasmic loops, along with an extracellular amino-terminus and a cytoplasmic carboxy- 
terminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. Thus, NOV2 is predicted to have a seven 
25 transmembrane region, and is similar in that region to a representative GPCR, e.g. dopamine 
(GPCR) (GenBank Accession No.: P20288) as is shown in Table 1 1 . 

TABLE 8 

NO V2 : 1 ccgaacaagttaaaatgaatctgtttttaaacacttctcctaaaccatgagcattaactt 60 

30 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 M 

CHRS: 22579 ccgaacaagttaaaatgaatctgtttttaaacacttctcctaaaccatgagcattaactt 22520 
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120 



NOV2 : 61 gatttcctctgtcatagggatatgggagacaatataacatccatcagagagttcctccta 

llllllllllllllllllilllillilllllllllillllMilllllllillllliiii 

22519 gatttcctctgtcatagggatatgggagacaatataacatccatcagagagttcctccta 22460 



CHR6: 



NOV2: 121 



CHR6: 22459 



ctgggatttcccgttggcccaaggattcagatgctcctctttgggctcttctccctgttc 180 

liiiiiiiiiiiiiiiiiiiiiii'iiiiiiiiiiiiiiiliiiiiiiiiiiiiiiiiiii 

ctgggatttcccgttggcccaaggattcagatgctcctctttgggctcttctccctgttc 22400 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



NOV2: 181 



CHRe: 



tacgtcttcaccctgctggggaacgggaccatactggggctcatctcactggactccaga 240 

IMIIIIIIillllllliilllllllllillllllllllllllMllllllillllllll 

22399 tacgtcttcaccctgctggggaacgggaccatactggggctcatctcactggactccaga 22340 



NOV2: 241 ctgcacgcccccatgtacttcttcctctcacacctggcggtcgtcgacatcgcctacgcc 3 00 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

CHR6: 22339 ctgcacgcccccatgtacttcttcctctcacacctggcggtcgtcgacatcgcctacgcc 22280 
NOV2 : 301 tgcaacacggtgccccggatgctggtgaacctcctgcatccagccaagcccatctccttt 360 

llllllllillllMIIIIMIIIIIIIIIIillllllllllllllllllllllilliM 

CHRSr 22279 tgcaacacggtgccccggatgctggtgaacctcctgcatccagccaagcccatctccttt 22220 



NOV2: 361 



CHR6: 



gcgggccgcatgatgcagacctttctgttttccacttttgctgtcacagaatgtctcctc 420 

INIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIllMlliiiiiiiiiiiiii 

22219 gcgggccgcatgatgcagacctttctgttttccacttttgctgtcacagaatgtctcctc 22160 



NOV2: 421 



480 



CHR6: 



ctggtggtgatgtcctatgatctgtacgtggccatctgccaccccctccgatatttggcc 

i I i 1 1 N 1 1 1 1 1 1 1 1 1 1 M i 1 1 1 i 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i 

22159 ctggtggtgatgtcctatgatctgtacgtggccatctgccaccccctccgatatttggcc 22100 



NOV2: 481 



CHR6: 22099 



NOV2: 541 



540 



atcatgacctggagagtctgcatcaccctcgcggtgacttcctggaccactggagtcctt 

MMMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMI 

atcatgacctggagagtctgcatcaccctcgcggtgacttcctggaccactggagtcctt 22040 



ttatccttgattcatcttgtgttacttctacctttacccttctgtaggccccagaaaatt 600 

IIIIMIIIIIiliill.llllllllllMllllllllilllllllilMllillllllM 

CHR6: 22039 ttatccttgattcatcttgtgttacttctacctttacccttctgtaggccccagaaaatt 21980 
NOV2 : 601 tatcacnnnnnnngtgaaatcttggctgttctcaaacttgcctgtgcagatacccacatc 660 

llilll lllliillllllMllllillilllllllllllllllllllllllll 

CHR6: 21979 tatcactttttttgtgaaatcttggctgttctcaaacttgcctgtgcagatacccacatc 21920 
NOV2 : 661 aatgagaacatggtcttggccggagcaatttctgggctggtgggacccttgtccacaatt 720 

illlllllllllllllllllliillllllllilllNiillilllilllllllllillll 

CHR6r 21919 aatgagaacatggtcttggccggagcaatttctgggctggtgggacccttgtccacaatt 21860 
NOV2 : 721 gtagt t tcatatatgtgcatcctctgtgctatcctt cagatccaatcaagggaagt tcag 780 

iiiiiiiiiiiiiililiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

CHR6 : 21859 gtagtttcatatatgtgcatcctctgtgctatccttcagatccaatcaagggaagttcag 21800 
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NOV2: 781 aggaaagccttccgcacctgcttctcccacctctgtgtgattggactcgt ttatggcaca 840 

MIIMIIIIIMIIIIIMIIIIIIIIIIIIIIIiilllllillllilliiilllllll 

CHR6: 21799 aggaaagccttccgcacctgcttctcccacctctgtgtgattggactcgt ttatggcaca 21740 
NOV2: 841 gccattatcatgtatgttggacccagatatgggaaccccaaggagcagaagaaatatctc 900 

IlillMIIIIIIMIIIIIIIIIIIIIIIIIIMIIllMMiiiiiMiiiiiiiiii 

CHR6: 21739 Qccattatcatgtatgt tggacccagatatgggaaccccaaggagcagaagaaatatctc 21680 
• NOV2: 901 ctgctgtt tcacagcctct ttaatcccatgctcaatccccttatctgtagtcttaggaac 960 

IIIINIIMNIIIIIillllMMIIIillllllllllllllMIIIIIIIIIIIIII 

CHR6: 21679 ctgctgtt tcacagcctctttaatcccatgc tcaatccccttatctgtagtcttaggaac 21620 
NOV2: 961 tcagaagtgaagaatactttgaagagagtgctgggagtagaaagggctttatgaaaagga 1020 

iillMIIIMIIIIIIIIIIIIIIIIIIIIilllllllllllliiiMllllillllll 

CHR6: 21619 tcagaagtgaagaatactttgaagagagtgctgggagtagaaagggctttatgaaaagga 21560 
NOV2: 1021 ttatggcattgtgactgaca 1040 (SEQ ID NO. 3) 

iiiiiiiiiiiiiiiiiiii 

CHR6: 21559 ttatggcattgtgactgaca 21540 (SEQ ID NO. 34) 
TABLE 9 

NOV2: 51 DSRLHAPMYFFLSHIJVVVDIAYACNTVPiy^LVNLLHPAKPISFAGiyWQTFLPSTFAVT 110 
OLFR: 13 DSRI^PMYFFLSHLAVVDIAYAa^VPlW^VNLIJ^PAKPISFAGR^B^ 72 
NOV2: 111 CLLLVVMSYDLWAICHPLRYIAIMTWRVCITIJVVTSWTTGVXXXXXXXXXXXXXPFCRP 170 



* **** 



OLFR: 73 CLLLVVMSYDLWAICHPLRYIAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPF.CRP 132 
NOV2: 171 QKIYHFFCEIIAVLIOACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSR 230 
OLFR: 133 QKIYHFFCEILAVLKIACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSR 192 
NOV2: 231 EVQRKAFRTCFSHLCVIGLVYGTAIIMyVGPRYGNPKEQKKYLLLFHSLFNPMLNPLrCS 290 
OLFR: 193 EVQRKAFRTCFSHLCVIGLVYGTAIIMyVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICS 252 
N9V2: 291 LRNSEVKNTLKRVLGVERAL 310 (SEQ ID NO. 35) 
OLFR: 253 LRNSEVKNTLKRVLGVERAL 272 (SEQ ID NO. 36) 

Where * indicates identity 
TABLE 10 

NOV2: 1 MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVPXXXXXXXXXXXXXXDSRLHAPMYF 60 
OLFR: 1 MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 
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• NOV2: 61 FLSHLAVVDIAYACNTVPRMLVNLLHPAKPISFAGIU^QTFLFSTFAVTECU*L\A^ 120 
*★♦♦***♦**♦♦♦****♦*******•*****♦*♦■*•**♦♦********************** 
OLFR: 61 FLSHIAVVDIAYACNTVPRMLVNLLHPAKPISFAGimiyiQTFLFSTFAVTECLLIiVVMSYD 120 

5 NOV2: 121 L.YVAICHPLRYIAI^T^WRVCITIiAVTSWTTGVXXXXXXXXXXXXXPFCRPQKIYHFFCEI 180 
******************************** *************** 
OLFR: 121 LYVAICHPLRYLAIMTWRVCITIAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 

NOV2: 181 lAVLKIiACADTHINENlWIJVGAISGLVGPLSTIWSYMCILCAIIiQIQSREVQRKAFRTC 240 

IQ ♦*♦**♦♦*♦♦♦*♦*♦*♦***♦♦** ************************** *♦♦♦*** 

OLFR: 181 LAVLKLACADTHINENMVLAGAISGLVGPLSTIWSYMCILCAILQIQSRBVQRKAFRTC 240 

NOV2: 241 FSHLCVIGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 
***♦♦**♦*♦*♦*♦*♦*♦* ***************************************** 

15 OLFR: 241 FSHLCVIGLVYGTAIIMYVGPRYGNPK^QKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 

NOV2: 301 KRVLGVERAL 310 (SEQ ID NO. 4) 
********** 

OLFR: 301 KRVLGVERAL 310 (SEQ ID NO. 38) 

20 Where * indicates identity 
, TABLE 11 

NOV2 : 53 RLHAPMYFFLSHLAVVDIAYACOTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECL 112 
GPCR: 14 ALQTTTNYLIVSLAVADLLVATLVMPWVVYLEVVGEWKFSRIHCDIFVTLDVMMC™ 73 

25 NOV2: 113 LLWMSYDLYVAICHPLRYLAIMTW-RVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQ 171 
GPCR: 74 NLCAISIDRYTAVAMPMLYNTRYSSKRRVTVMIAIVWVLSFTISCPMLFGLNNTDQNE- - 131 

NOV2 : 172 KIYHFFCEILAVLKLACADTHINENMVLAGAISGLVGPLSTIWSYMCILCAILQIQSRE 231 
GPCR: 132 -CIIANPAF WYSSIVSFYVPFIVTLLVYIKIYIVLRRRRKRV 173 



30 



NOV2: 232 VQRK 235 (SEQ ID NO. 39) 
GPCR: 174 NTKR 177 (SEQ ID NO. 40) 



35 The OR family of the GPCR superfamily is involved in the initial steps of the olfactory 

signal transduction cascade. Therefore, theNOV2 nucleic acid, polypeptide, antibodies and other 
compositions of the present invention can be used to detect nasal epithelial neuronal tissue. 

Based on this relatedness to other known members of the OR family of the GPCR 
superfamily, NOV2 can be used to provide new diagnostic and/or therapeutic compositions 

40 useful in the treatment of disorders associated with alterations in the expression of members of 
' OR family-like proteins. Moreover, nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are also useful in the treatment of a variety of diseases and 
pathologies, including but not limited to, those involving neurogenesis, cancer, and wound 
healing. 

45 
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NOV3 

A NOV3 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A N0V3 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 12. The disclosed nucleic acid (SEQ ID N0:5) is 1,090 nucleotides in 
' length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 15-17 and ends with a TAA stop codon at nucleotides 1,061-1,063. The 
representative ORF encodes a 314 amino, acid polypeptide (SEQ ID NO:6). Putative untranslated 
regions upstream and downstream of the coding sequence are underlined in SEQ ID NO: 5. 



TABLE 12. 



AAOAAGTTCTTCAG ATGCGAGGTTTCAACAAAACCACTGTGGTTACACAGTTCATCC 

TGGTGGGTrTCTCCAGCCTGGGGGAGCTCCAGCTGCTGCTTTTTGTCATCTTrCTTCT 

CCTATACTTGACAATCCTGGTGGCCAATGTGACCATCATGGCCGTTATTCGCTTCAG 

CTGGACTCTCCACACTCCCATGTATGGCTTTCTATTCATCCTTTCATTTTCTGAGTCCT 

GCTACACTTTTGTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCAGACACCAAGA 

CCATCTCCrrCATGGCCTGTGCCACCCAGCTGTTCTTTTTCCTTGGCTTTGCTTGCACC 

AACTGCCTCCTCATTGCTGTGATGGGATATGATCGCTATGTAGCAATTTGTCACCCTC 

TGAGGTACACACTCATCATAAACAAAAGGCTGGGGTTGGAGTTGATTTCTCTCTCAG 

GAGCCACAGGTITCTrrATTGCTTTGGTGGCCACCAACCTCArrrGTGACATGCGTTT 

TTGTGGCCCCAACAGGGTTAACCACTATTTCTGTGACATGGCACCTGTTATCAAGTT 

AGCCTGCACTGACACCCATGTGAAAGAGCTGGCTTTATTTAGCCTCAGCATCCTGGT 

AATTATGGTGCCTTTTCTGTTAATTCTCATATCCTATGGCTTCATAGTTAACACCATC 

CTGAAGATCCCCTCAGCTGAGGGCAAGAAGGCCTTTGTCACCTGTGCCTCACATCTC 

ACTGTGGTCTTTGTCCACTATGGCTGTGCCTCTATCATCTATCTGCGGCCCAAGTCCA 

AGTCTGCCTCAGACAAGGATCAGTTGGTGGCAGTGACCTACACAGTGGTTACTCCCT 

TACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAGAGGTAAAAACTOCATTGAAAA 

GAGTTCTTGGAATGCCTGTGGCAACCAAGATGAGCTAACAAAAAATAATAATAAAA 

TTAACTAGGATAGTCACAGAAGAAATCAAAGGCATAAAATTTTCTGACCTTTAATGC 

ATCTCTCAg/^ ^ fS riTm-rrrr a a r,r, aTT a AG ACTrACTCTTGCCTTTTTATTTTCTCC 

(SEQ ID NO.: 5) 

20 
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MRGFNKTTVVTQFILVGFSSLGELQLLLFVIFLLLYLTILVANVTIMAVIRFSWTLHTPMY 

GFLHLSFSESCYTFVIIPQLLVHLLSDTKTISFMACATQLFFFLGFACTNCLLIAVMGYDR 

YVAICHPLRYTLIINKRLGLELISLSGATGFFIALVATNLICDMRFCGPNRVNHYFCDMAP 

VIKXACTDTHVKELALFSLSILVIMVPFLLILISYGFIVNTILKIPSAEGKKAFVTCASHLTV 

VFVHYGCASIIYLRPKSKSASDKDQLVAVTYTVVTPLLNPLVYSLRNKEVKTALKRVLG 
MPVATKMS (SEQ ID NO.: 6) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV3 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. A NOV3 nucleic acid was identified on human 
chromosome 1. 

The NOV3 nucleic acid sequence has a high degree of hoihology (99% identity) with a 
human genomic clone corresponding to chromosome 1 (CHRl) (GenBank Accession 
No.:AL121 986), as is shown in Table 13. Also, the N0V3 polypeptide has homology 
(approximately 50% identity, 70% similarity) to a human olfactory receptor (OLFR) (GenBank 
Accession No.: F20722), as is shown in Table 14. Overall amino acid sequence identity within 
the mammalian OR family ranges from 45% to >80%. OR genes that are 80% or more identical 
to each other at the amino acid level are considered by convention to belong to the same 
subfamily See Dryer and Berghard, Trends in Pharmacological Sciences. 1999, 20:413. OR 
proteins have seven transmembrane a-helices separated by three extracellular and three 
cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy-teiminus. 
Multiple sequence aligment suggests that the ligand-binding domain of the ORs is between the 
second and sixth transmembrane domains. NOV3 is predicted to have a seven transmembrane 
region, and is similar in that region to a representative GPCR, e.g. dopamine (GPCR) (GenBank 
Accession No.: P20288) as is shown in Table 15. 

30 TABLE 13 
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NOV3: 1 ^^Saagtccttcagatgcgaggtttcaacaaaaccactgtggttacacaqttcatcctaa fio 

CHRl: 14S895 aagaagttcttcagatgcgaggtttcaacaaaicclctgtggiililiiiiii^ 145836 
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NOV3: ei 



CHRl: 



tgggtttctccagcctgggggagctccagctgctactttttgtcatctttcttctcc^ 120 

II III mill III III II I III I iiiii I nil II III nil II II HUM I III 1 1 

145835 igiiiiictcwgccigggggagctccagctgctgctttttgtcatctttcttctcctac 



145776 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



60 



NOV3: 121 acttgacaatcctggtggccaacgtgaccatcatggccgttattc^^ 180 

l-IIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 



Mil 



CHRl: 145775 ac 



ttgacaatcctggtggccaatgtgaccatcatggccgttattcgcttcagctggactc 145716 



rtnvK- ist tccacactcccatgcatggcttcctattcatcctcccatttcccgagtcctgctacactt 240 

mmnmiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiniiiii' 



CHRl: 14 



5715 tccacactcccatgtatggctttctattcatcctttcattttctgagtcctgctacactt 145656 



300 



MOV3: 241 ttgtcatcatccctcagctgctggtccacctgctctcagacaccaagaccatcC^ 

IIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIHIIIIIIIIIIIMIIIIII III 

CHRl: 145655 iigicitcatcictcagiigctggtccacccgctctcagacaccaagaccatctcctcca 145596 



NOV3; 301 



CHRl: 



tggcctgtgccacccagctgttctttttccttggctttgcttgcaccaactgcc^ 360 
145595 tggcctgtgccacccagctgttctttttccttggctttgcttgcaccaactgcctcctca 145536 



NOV3t 361 



ttactQtqatQqqatatgatcgctatgtagcaatttgtcaccctctgaggtacacactca 420 

mi I II I II 111 1 1 



ill 



CHRl: 



145535 ttgctgtgatgggatatgatcgccatgtagcaatttgtcaccctctgaggtacacactca 



145476 



NOV3: 421 ^ca taaacaaaaggctggggt tggagttgatttctctctcagg^^^ 480 

M I I I 1 I I I I I I I IN I I I II I I I I I II I I I I I I I III III I I I M I I I I I I I " I ' ' ' ' 145416 
145475 tcataaacaaaaggctggggttggagttgatttctctctcaggagccacaggtttcttta 145416 



CHRl: 



NOV3: 481 



CHRl: 



ttQCtttggtggccaccaacctcatttgtgacatgcgtttttgtggccccaacagggtta 540 

m iiiiiiiiiiiiiiiiiiiniiiiiiiii'iiiiiiHiiiiiiiiiiii II 

145415 ttgctttggtggccaccaacctcatttgtgacatgcgtttttgtggccccaacagggtta 145356 



NOV3: 541 



accactatttctqtqacatggcacctgttatcaagttagcctgcaccgacacccatgtga 600 

miimmmiiiimiiiiMiiiiiiiiiiiii^ 



CHRl: 



145355 accactatttctgtgacatggcacctgttatcaagttagcctgcactgacacccatgtga 145296 



NOV3- 601 aaqaqctqgctttatttagcctcagcatcctggtaattatggtgccttttctgttaattc 660 
NOV3. 601 ,,,,,,,, ^ 

CHRl : 145295 aagagc^gctttatttagcctcagcatcctggtaattatggtgccttttct^^ 



145236 



Nnv^i^ fifii tcatatcctatqgcttcatagtcaacaccatcctgaagatcccctcagctgagggcaaga 720 

NOV3. 661 -^JJ^^^^^^ ,,,,,, Illlllllllllllllllll 

CHRl: 145235 tcatatcctatggcttcatagttaacaccatcctgaagatcccctcagctgagggcaaga 145176 



NOV3: 721 



CHRl: 



780 



aggcctttgtcacctgtgcctcacatctcactgtggtctttgtccactatgactgtgc^ 

miiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiimiiiiiiiiiii 111 Mill 

145175 aggcctttgtcacctgtgcctcacatctcactgtggtctttgtccactatggct^ 145116 



NOV3 - 7fii ctatcatctatctgcggcccaagtccaagtctgcctcagacaaggatcagt tggcggcag 
CHR1-. 145115 ctatcatctatctgcggcccaagtccaagtctgcctcagacaaggaccagttggtggcag 



840 



145056 
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HOV3: 841 ^f^^^^f f f 9«9tg3ttactcccttacttaatcctcttgtctaca9tctgaggaacaaaa 900 
CHHl. 145055 tgacctacacagtggttactcccttacttaatcctcttgtctacagtcigiggll^Ui^ 

NOV3: 901 fastaaaaactgcattgaaaagagttcttggaatgcccgtggcaaccaagatgagccaac 960 

CHRl. 144995 11' "'''Nllllllllllllllll Mill lllllllllllllllllllltnn? 

CHRl: 144995 aggtaaaaactgcattgaaaagagttcttggaatgcctgtggcaiccaigitgliciilc 144936 

N0V3: 961 f^^^fftaataacaaaattaactaggatagtcacagaagaaatcaaaggcataaaatctt 1020 

CHRl 144,,. ''II II II III nil I II iiiiiiiiii 11111111,11, iffiiiiJ^nf" 

CHRl. 144935 aaaaaataataataaaattaactaggatagtcacagaagaaatiaiigiiailllliii; 144876 



NOV3: 1021 ^tgacctttaatgcatgtctcagacagtgtttccaaggattaagactactcttgcctttt 1080 
> CHRl- 144875 ' ''i /ii '''''''''''''''' 'I '''''' I I 'I I'' H N I I • I II I II I I I I I I I 

CHRl. 144875 "gacctttaatgcatgtctcagacagtgtttccaaggattaagaciaitcttgcctiit 144816 

N0V3: 1081 tattttctcc 1090 (SEQ ID NO 5) 
Ifllllllll 

CHRl: 144815 tattttctcc 144806 (SEQ ID NO. 42) 



TABLE 14 



NOV3 
OLFR 
NOV3 
OLFR 
NOV3 
OLFR 
NOV3 
OLFR 
NOV3 
OLFR 
NOV3 
OLFR 



1 MRGF»«TTVVTQFILVGFSSLGELQLLLFVIFLLLYLTILVANVTIMAVIRFSWTLHTPM 59 
1 MLGLNHTSM-SEFILVGFSAFPHLQLMLFLLFLLMYLPTLLGNLLIMATVWSERSLHTPM 



59 



60 



YGFLFILSFSESCYTFVIIPQLLVHLLSDTKTISFMACATQLFPPLGPACTNCLLIAVMG 119 
60 YLPLCVLSVSElLYTVAIIPRMLADLLSTQRSIAPLACASQMFFSPSreFTHSPLLTVMO 119 
y"^yy*^^"^'-'*^"'"NKRL°LEI'ISI'SGATGFFIALVATNLICDMRFC6PNRVNHyFC 179 

********* ^^^^ ♦ *^ ^ ^ 

+ + + + * ♦+ * * * ^ + + *+ * 

120 TORYVAICHPLRYNVLMSPRGCACLVGCSWAG6SVMGMWTSAIPQLTFCGSHEIQHFLC 179 

180 DMAPVIKLAC-TDTHVKELALPSLSILVIMVPFLLILISYGFIVNTILKII 
+ *++*♦** 



+ ++*»*• + *++*+++ ♦*♦♦*. + ♦* ♦*******«^. 

180 HVPPLLKLACGNNVPAVALGVGLVCIMALLGCFLLILLSYAFIVADILKIPSAEGRNKAF 



CPSAEGK-KAF 239 
239 

240 VTCASHLTWFVHYGCASIIYLRPKSKSASDKDQLVAWYTVVTPLLNPLVYSLRNKEVK 299 
****** ** **.,***.,** + + * ..H* ** *+*+^^****!^ 

240 STCASHL1WIVHYGFASVIYLKPKGPHSQE6DTLMATTYAVLTPFLSPI1PSLRNKELK 299 

300 TALKR 304 (SEQ ID NO. 43) 



300 VAMKR 304 (SEQ ID NO. 44) 

Where * indicates identity and + indicates similarity 



TABLE IS 

NOV3: 43 NVTIMAVIRPSWTLHTPMYGPLFILSPSESCYTPVIIPQLLVHLLSDTKTISF>IACATQL 102 
GPCR: 2 NVLVCMAVSREKALQTTTNYLIVSLAVADLLVATLVMPWVVYLEWGEWKFsSSS!^ 6^ 
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NOV3- 103 FFEl/;FACTNCLLIAVMGYDRyVAICHPLRyTLIIN-KRLGI,ELISl.SGATGFFlAl,VAT 161 
IZl': 62 TlJ5^«^CTASII^ISIDRYTAVAMPMLYlrraYSSKRRVT^^IAIVVm,SFTISCPML 121 

NOV3- 162 Nl-ICDMRFCGPNRVlfflYFCDMAPVIKIACTimiVKEIALFSLSILVIMVPFLLIblSyGF 221 
5 GpS; ill FGLNNTDQNEC " IIANPAFVAnfSSIVSFYVPFIVTLLVYIK 161 

NOV3-. 222 IVNTILKI 229 {SEQ ID NO. 45) 
GPCR: 162 lYIVtRRR 169 (SEQ ID NO. 46) 

10 The OR family of the GPCR superfamily is a group of related proteins specifically 

located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, in one 
embodiment, the NOV3 nucleic acid, polypeptide, antibodies and other compositions of the 
present invention can be used to detect nasal epithelial neuronal tissue. 

1 5, Based on its relatedness to the known members of the OR family of the GPCR 

superfamily, NOV3 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 

20 diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

NOV4 

A NOV4 sequence according to the invention is a nucleic acid sequence encoding a 
25 polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. The NOV3 nucleic acid sequence (SEQ ID NO.: 5) was further 
' analyzed by exon linking and the resulting sequence was identified as NOV4. A NOV4 nucleic 
acid and its encoded polypeptide includes the sequences shown in Table 16. The disclosed 
nucleic acid (SEQ ID NO:7) is 1 ,090 nucleotides in length and contains an open reading frame 
30 ' (ORF) that begins with an ATG initiation codon at nucleotides 15-17 and ends with a TAA stop 
codon at nucleotides 1,061-1.063. The representative ORF encodes a 314 amino acid 
polypeptide (SEQ ID NO:8). Putative untranslated regions upstream and downstream of the 
coding sequence are underlined in SEQ ID NO: 7. 
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TABLE 16. 

AAGAAGTTCTTrAGATGCGAGGTTTCAACAAAACCACTGTGGTTACACAGTTCATrr 

TGGTGGGTTTCTCCAGCCTGGGGGAGCTCCAGCTGCrACTITITGTCATCTITC^^^ 

CCTATACTTGACAATGCTGGTGGCCAATGTGACCATCATGGCCGTTATTCGCTTCAG 

CTGGACTCTCCACACTCCCATGTATGGCTTTCTATTCATCCTTTCAITTTCTGAGTCrT 

GCTACACTTTTGTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCAGACACCAAGA 

CCATCTCCCTCATGGCCTGTGCCACCCAGCTGTTCTTTrTCCTTGGCTTTGCTTGCAt 

CAACTGCCTCCTCATTGCTGTGATGGGATATGATCGCTATGTAGCAATTTGTCACCCT 

CTGAGGTACACACTCATCATAAACAAAAGGCTGGGGTTGGAGTTGATTTCTCTCTCA 

GGGGCCACAGGTTTCTTTATTGCTTTGGTGGCCACCAACCTCATTTGTGACATGCGTT 

TTTGTGGCCCCAACAGGGTTAACCACTATTTCTGTGACATGGCACCTGTTATCAAGTT 

AGCCTGCACTGACACCCATGTGAAAGAGCTGGCTTTATTTAGCCTCAGCATCCTGGT 

AATTATGGTGCCTnrCTGTTAATTCTCATATCCTATGGCTTCATAGTCAACACCATC 

CTGAAGATCCCCTCAGCTGAGGGCAAGAAGGCCTTTGTCACCTGTGCCTCACATrTr 

ACTGTGGTCTTTGTCCACTATGACTGTGCCTCTATCATCTATCTGCGGCCCAAGTCCA 

AGTCTGCCTCAGACAAGGATCAGTTGGTGGCAGTGACCTACGCAGTGGTTACTCCCT 

TACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAGAGGTAAAAACTGCATTGAAAA 

GAGTTCTTGGAATGCCTGTGGCAACCAAGATGAGCTAACAAAAAATAATAATA^ 

TTAACTAGGATAGTCACAGAAGAAATCAAAGGCATAAAATTTTCTGACCTTTAATGC 
ATGTCTCAGACAGTGTTTCCAAGGATTAA GACTACT<Trrorrn wfT'A-i-rT-ri-^'rr^r> 
(SEQ ID NO.: 7) j i i/\n i n ,t , 

MRGFNKTTWTQFILVGFSSLGELQLLLFVIFLLLYLTILVANVTIN^VIRFSWTLHTPMY 
GFLFILSFSESCYTFVIIPQLLVHLLSDTKTISLMACATQLFFFLGFACTOCLLIAVMGYDR 
YVAICHPLRYTLIINKRLGLELISLSGATGFFIALVAINLICDMRFCGPNRVNHYFCDMAP 
VIKLACTDTHVKELALFSLSILVIMVPFLLILISYGFIVNTILKIPSAEGKKAFVTCASHLTV 

mpva^^CsS^n'^"^^^^ 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV4 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. A NOV4 nucleic acid was identified on human 
chromosome 1. 

' The NOV4 nucleic acid sequence has a high degree of homology (99% identity) with a 
human genomic clone corresponding to chromosome 1 (CHRl) (GenBank Accession 
No.:AL121986), as is shown in Table 17. The NOV4 nucleic acid sequence also has a high 
degree of homology with the N0V3 sequence (99% idemity), as is shown in Table 18. Also, the 
NOV3 polypeptide has homology (approximately 53% identity, 71% similarity) to the human 
olfactory receptor lOJl (OLFR) (GenBank Accession No.: P30954). as is shown in Table 19. 
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Overall amino acid sequence identity within the mammalian OR family ranges from 45% to 
>80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer and Berghard, Trends in 
Ph^rmarnlnpical Sciences . 1999, 20:413. OR proteins have seven transmembrane a-helices 

5 separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
" terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
. ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
NOV4 is predicted to have a seven transmembrane region, and is similar in that region to a 
representative GPCR. e.g. dopamine (GPCR) (GcnBank Accession No.: P20288) as is shown in 

10 Table 20. 

I . TABLE 17 



15 ""'^ ^ niliMmmmmlmiimTiiiiiiiiiiiiM ''in'"'", 

CHRl: 14S895 aagaagctcttcagatgcgaggtttcaacaaaaccactgtggctacacagttcatcctgg 145836 
NOV4- 61 tqqqtttctccagcctgggggagctccagctgctactttttgtcatctttcttctcctat 120 

20 III iiiiiiiiiiiiiiTiiiiiiiiii ,,„76 

CHRl: 145835 tgggtttctccagcctgggggagctccagctgctgcCttttgtcatctttctCctcctat 145776 

KOV4: 121 acttgacaaccctggtggccaatgtgaccatca?ggccgttatc^ 180 
CHRl: 145775 acttgacaatcctggtggccaatgtgaccatcatggccgttattcgcttcagctggactc 145716 

KOV4- lai tccacactcccatgtatggctctctactcatcctttcattttctgagtcctgctacactt 240 
CHRl: 145715 tccacactcccatgtatggctttctattcatcctttcattttctgagtcctgctacactt 145656 

N0V4- 241 ttgtcatcatccctcagctgctggtccacctgctctcagacaccaagaccatctccctca 300 

35 III liiiiiiiiiiiiiiiiMiiiiiiiiiHiiiiiiiiiimm^^^ 

CHRl: 14 5655 ttgtcatcatccctcagctgctggtccacctgctctcagacaccaagaccBtctccttca 145596 
NOV4- 301 tggcctgtgccacccagctgttctttttccttggctttgcttgcaccaactgcctcctca 360 

40 • iilillllllllllllllilMllllllllllllMIIIIMlllllMIMIIIM^^^ 

CHRl: 145595 tggcctgtgccacccagctgttctttttccttggctttgcttgcaccaactgcctcctca 145536 
NOV4- 361 ttgctgtgatgggacatgatcgctatgtagcaacttgtcaccctctgaggtacacactca 420 

45 iiiltlllllllllllllllllMllllllMlllllllMlllMIIIIIMM 

CHRl: 145535 ttgctgtgatgggatatgatcgctatgtagcaatttgtcaccctctgaggtacacactca 145476 
NOV4: 421 tcataaacaaaaggctggggttggagttgat t tctctct caggggccacag^ 480 

50 iiiiiiimiiiiiiiiiiiiimimiimiiiiiiii iiiiiiiiiiiiiiii 

CHRl: 145475 tcataaacaaaaggctggggttggagttgatttctctctcaggagccacaggtttcttta 145416 
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CHRl- 145415 "'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIMIIIIIII 

CHRl. 145415 tt9Cttt99tggccaccaacctcattt9tgacatgc9tttttgt99ccccaacagggtta 145356 

NOV4= 541 ^""t'tttctgtgacatggcacctgttatcaagttagcctgcactgacacccatg 600 
CHRl: 145355 lUliiiiliiililili 11 " ' " ' ' 1 I I I I I I I I I I I I I t I I I I I I I I I | | | if,?" 



I I I III I I I M I I I I IN ( 1 M I I I I I I M I I I I I I I I I I I I I 
ttctgcgacatggcacctgttatcaagctagcctgcactgacacccatgcga 



145296 



NOV4: 601 aagagctggctttatttagcctcagcatcctggtaactatggtgccttttctqttaattc 660 
CHRl: 145295 aagagctggctttatttagcctcagcatcctggtaattatggtgccttttctgtiiattc 145236 

NOV4: 661 tcatatcctatggcttcatagtcaacaccatcctgaagatcccctcagctgagggcaaqa 720 

CHRl- 14S23S " ' II lllllllllllll IIIIIIIIIIIIIIIIIIIIMIIIIIIIIIlmil 

CHRl. 14S23S tcatatcctatggcttcatagttaacaccatcctgaagatcccctcagcigagggcaaga 145176 

NOV4: 721 t?9f "="tgtcacctgtgcctcacatctcactgtggtctttgtccactatgactqtQcct 780 

CHRl. 145175 '''''''''l'll''IIIIIINIIIIIIIIIIIIIIIIIIIIim^^^^ 

CHRl. 145175 aggccttcgtcacccgtgccccacatctcactgtggtccttgtccactatggctgtgcct 145116 

NOV4: 781 ^^''"ft'f^^ctgcggcccaagtccaagtctgcctcagacaaggatcagttgg 840 

CHRl. 145115 iiIiilUiiiii''''''''''''''l''''''ll''''l'l'>l'lll'^ 

CHRl. 145115 ctatcatctatctgcggcccaagtccaagtctgcctcagacaaggatcagttggtggcag 145056 

NOV4 : 841 ^Sacctacgcagtggttactcccttacttaatcctcttgtctacagtctgagqaacaaaa 900 

CHRl. 145055 ' ' ' ' " I j I I ' ^ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I IK) Hi I I I I 

CHRl. 145055 tgacctacacagtggttactcccttacttaatcctcttgtctacagtctgaggaacaaag 144996 

NOV4: 901 f Sgtaaaaactgcattgaaaagagttcttggaatgcctgtggcaaccaagatgagctaac 960 

CHRl. 144995 i ' ' ' ' ■ ' ' • • " ' • ' • I ' ' ' ■ ' ' • H I I I I I I I I I I I I I I I I I I I I I I | | | | | H I I HM 

CHRl. 144995 aggtaaaaactgcattgaaaagagttcttggaatgcctgtggcaaccaagitgagctali 144936 

NOV4: 961 f aaaaataataataaaattaactaggatagtcacagaagaaatcaaaggcataaaatttt 1090 

CHRl- 144935 Hi' 'i' " ' " ' ' 'I I " H I • "H • I IN H I I I I I I I I I I I I I 111111111? 

CHRl. 144935 aaaaaataataataaaattaactaggatagtcacagaagaaatcaaaggcataallitit 144876 

NOV4: 1021 =tgacctttaatgcatgtctcagacagtgtttccaaggattaagactactcttgcctttt 1080 
^„ I I I I I I I Ml M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I Nil I I Mm 

CHRl: 144875 ctgacctttaatgcatgtctcagacagtgtiiccIIiglcilUIli^ 

NOV4: 1081 tactttctcc 1090 (SEQ ID NO 4) 
IMIIIIill 

CHRl: 144815 tattttctcc 144806 (SEQ ID NO. 42) 



TABLE 18 



MOV4: 1 AAGAAGTTCTTCAGATGOSAGGTTTCAACAAAACCACTGTGGTTACACAGTTCATCCTGG «ft 

NOV3: 1 AAGAAGTTCTTCAGATGCX5AGGTTTCaUlCAAAACaVCTGT(UTTA<^^^ 60 

NOV4: 61 TGGGTTTCTCCAGCCTGGGGGAGCTCCAGCTGCTACTTTTTGTCATCTTTC^^ 120 
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IIIIIIIMIIIIllllllllilllllMllill llliniMIIIIIIIIIIIMIM 

NOV4- 121 ACTTGACAATCCTGGTGGCCAATGTGACCATCATGGCCGrrArrCGC^ 180 
I I I I I I I I I I I 1 I I I I I I I I I I 1 I I I I I I I I I I I I I I I I I III I I I I I I I I I I I I I I I M 

«^«,^rn'»v»iwn/^7irrr'r'r'T*rraTTTTCTGAGTCCTGCTACACTT 240 

NOV4: 181 



TCCACACTCCCATGTATCGCrrTCTATTCATCCyrTCArrrrCTC^^ 

llllllllllllllllllllllllllllll lllllllllllllllllillllilMII 

NOV4: 241 TrcTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCrAGA^^ 300 
I I I I I I I I I I I I I I I I I I I I I I i II I I I I I I I I I I I I I I I I I I I > I > I I > I I I "I 

NOV4: 301 TGGCCTCTGCCACCCAGCTGTTCTITTTCCTTGGCTrTGC^ 360 
I I I I I I I I I I I I I 1 I I I I I I I I I I I I I I II I I I I I I I t I I I I I > I I I I < I I I I I 

■5^ «ov^ . ^Sl TTGCTGTQATGGGATATGATCGCTATGTAGCAATTTGTCACCCTCTGAGGTACACACTCA 420 

20 NOV4. 361 TTGCTGTGAl^GG , , , , , | , | | | | | | | | | | | | | Ml 1 | | | | I I I I I I I I I II 

NOV3: 361 i^^iUTiiiiGGATATCATCG^ «° 

MOV4- 421 TCATAAACAAAAGGCTGGGGTTGGAGTTGATTTCTCTCTCAGGGGCCACAGGrrTCTrra 480 

25 mimilllllllllllllllllNIIIIII'll " '""""""'11 .«n 

HOV3: 421 iiiiAUcAAAAGGci^GTTCGAGTTGATTTCTCTCTCAGGAGCC^^^ 480 

NOV4. 481 TTGCTTTGGTGGCCACCAACCTCAITTGTGACATGCGTTTTTGTGGCCCCAACAGG^ 540 

NOV4. 481 ]T^"[f°°,,,,,,,,,,,,,,|,,||,|,|,,||||||||||||l||llllllllill 

30 NOV3: 481 iTCCTliiiTOGiiAciUcCTci^^ 540 

HOVA. 541 ACCACTATTTCTGTGACATGGCACCTGTTATCAAGTTAGCCTGCACTGACACCCATGTGA 600 

Noy4. 541 ^y*^;"^]-^!]]*^!!^, , I , , I , , 1 1 1 , 1 1 1 11 liri I III I M I IIIIIIM lll I IN H 

NOV3: 541 



iiiicTATTTCTGTGACAT 

601 AAGAGCTGGCTTTATTTAGCCTCAGCATCCTGCTAATTA^^ 660 
II I II I I II I I I II I I II I I I II I II I I I I I I I II I I I I I I I I I I I I I I I I I I I I III I 

661 TCaTATCCTATGGCTTCATAGTCAACACCATCCTGAAGATCCCCTC^^ 720 

mil Mill I II 1 1 III I Ml lllllllllllllllNllllllllimillMlM 

661 iiiiATCCTATGGCTT 

721 AGGCCTTTGTCACCTGTGCCTCACATCTCACTGTGGTCTTTGTCCACTATGACTGTGCCT 780 
721 AGGCCTTTGTCACC || | | | | | | | | | I I I I I I I I III I IIIIIHI 

781 CTATCy^TCTATCTOCGGCCCAAGTCCAAGTCTGCCTCAGA^ 840 
781 <^|||^|^^,,,,,,,,,,,,|,,,|,,||||,,,,,,|||lMirillllllllllll 
CTATCATCTATCTGCGGC^^ 

N0V4: 841 TCACCTACGCAGTGGTTACTCCCirACTTAATCCTCrreTCTA^^ 900 

lllillll lllllllllllllllllllllll lilMliiilllllllllllllllll 

HOV3 : 841 iiiiCTAiAiAGTiUiTACTCCCTTAC 5°° 
NOV4: 901 AGGTAAAAACTGCATTGAAAAGAGTTCTTGGAATGCCTGTGGCAAC^^ 960 
lllllllll lllllllllllllllllllllll "III I""" ""'""''"!" o^„ 
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NOV4: 961 AAAAAATAATAATAAAATTAACTAGGATAGTCACAGAAGAAATCA^^ 10,- 

NOV, « 'll'NIIIIIIIIIMIIIIIIIII|l||||||||||||||||||||||nttttT]TT 

^ NOV3: 9G1 AAAAAATAATAATAAAATTAACTA«3ATAGTCACAGaAgaAAtCAA^ 1020 

NOV4: 1021 CTGACCTTT/^TGCATGTCTCAGACAGTGTTTCCAAGGATTAAGACT^^^ 1080 

r^rs^ ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 mm 

NOV3: 1021 CTGACCTTTAATGCATtrTCTCAGACAGTG^iTCUAGiiiii^^ 1080 

0 N0V4: 1081 TATTTTCTCC 1090 (SEQ ID NO 7) 
lllillllll 

NOV3: 1081 TATTTTCTCC 1090 (SEQ ID NO. 5) 



TABLE 19 

NOV4 : 18 



TLITDFVFQGFSSFHEQQITLFGVFLALYILTLAGNIIIVTIIRIDLHLHTPMYFFLSML 
*++* ..»* * *^ ^ 

TWTQFILVGFSSLGELQLLLFVIFLLLYLTILVANVTIMAVIRFSWTLHTPMyGFLPIL 

NOV4: 78 STSETVYTLVILPRMLSSLVGMSQPMSLAGCATQMFFFVTFGITNCFLLTAMGYDRYVAI 137 
• •* •*+*+^., * ... **»**.*.* 
SFSESCYn7\/TTDnT.T.xmT.T.erk»i»ir^T«*r uik^-^m^* 

RYVAI 127 



77 
G7 



OLFR: 68 SFSESCyTFVIIPQLLVHLI,SDTKTISLMACATQI,PPFLGFACTNCLI.IAVM6YD] 



NOV4: 138 



CNPLRYMVIMNKRLRIQLVLGACSIGLIVAITQVTSVFRLPPCA-RKVPHFFCDIRPVMK 196 
OLPR: 128 CHPLRYTLIINKRLGLELISLSGATGFFIALVATNLICDMRFCGPNRVNHYPCDMAPVIK 187 



NOV4: 197 



LSCIDTrVNEXXXXXXXXXXXXXPMGLVFIsyvI.IISTILKIASVEGRKKAFArCASHLT 256 
*+* ** * * * *+ *** .++*,»,« « ♦****,. 

«x.rK: x«8 LACTDTHVKBIALFSLS1I.VIMVPFLLILISYGFIVNTILKIPSAEG-KKAFVTCASHI.T 246 
TSS^D^NO^JT^''''^^'''^'"''^^'''^''^^''^"^^"*^^ 316 

Where • indicates identity and + indicates similarity. 
Table 20 



GPCR: 2 



NOV4: 43 NVTIMAVIRFSWTLHTPMYGFLFILSFSESCYTFVIIPQLLVHLLSOTKTISLMACATOI. 102 
NVLVCMAVSREKALQTTTNYLIVSLAVADLLVATLVMPWWYLEWGEWKPSRIHCDIFV 61 

^ZV ^^"^^*^CLL1AVM6TORYVAICHPLRYTLIIN-KRLGLELISLSGATGFFIALVAT 161 

GPCR: 62 TU,VMMCTASII^CAISIDRYTAVAMP^«.YNTRYSSKRR^m;MIAIVWVLsS^pS^ ^21 

NOV4: 162 NL1CI»TOFCGPNRVNHYFCDMAPVIK1A^ ^^l 



GPCR: 122 FGLHNTDQNEC 1 

NOV4: 222 IVNTILKI 229 (SEQ ID NO. 51) 
GPCR: 162 lYIVLRRR 169 (SEQ ID NO. 46) 



lANPAFWYSSIVSFYVPFlVTLLVYIK 161 
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The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV4 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV4 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in treating and/or diagnosing a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

NOV5 

A NOV5 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human ddorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV5 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 21. The disclosed nucleic acid (SEQ ID NO:9) is 822 nucleotides in 
length and contains an open reading frame (ORF) that begins at nucleotide 6 and ends with a 
TGA stop codon at nucleotides 800-802. In addition, C indicates 'G' to *C* substitutions in the 
sequence to correct stop codons. A representative ORF encodes a 265 amino acid polypeptide 
(SEQ ID NO: 10). A putative untranslated region downstream of the coding sequence is 
underlined in SEQ ID NO: 9. 

TABLE 21 

CACACCCCCATGTGCTTCTTCCTCTCCAAACTGTGCTCAGCTGACATCGGTTTCACCT 

TGGCCATGGTTCCCAAGATGATTGTGAACATGCAGTCGCATAGCAGAGTCATCTCTT 

ATGAGGGCTGCCTGACACGGATGTCTTTCTTTGTCCTTTTTGCATGTATGGAAGACAT 

GCTCCTGACTGTGATGGCCTATGACTGCTTTGTAGCCATCTGTCGCCCTCTGCACTAC 

CCAGTCATCGTGAATCCTCACCTCTGTGTCTTCTTCGTCTTGGTGTCCTTTTTCCTTAG 

CCCGTTGGATTCCCAGCTGCACAGTTGGATTGTGTtACTATTCACCATCATCAAGAA 

TGTGGAAATCACTAATTTTGTCTGTGAACCCTCTCAACTTCTCAACCTTGCTTGTTCT 

GACAGCGTCATCAATAACATATTCATATATTTCGATAGTACTATGTTTGGTTTTCTTC 

CCATTTCAGGGATCCTTTTGTCTTACTATAAAATTGTCCCCTCCATTCTAAGGATGTC 

ATCGTCAGATGGGAAGTATAAAGGCTTCTCCACCTGTGGCTCTTACCTGGCAGTTGT 

TTGCTCATTTGATGGAACAGGCATTGGCATGTACCTGACTTCAGCTGTGTCACCACC 
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CCCCAGGAATGGTGTGGTGGCGTGAGTGATGTATGCTGTGGTCACCCCCATGCTGAA 

CCTTTTCATCTCAGCCTAGGAAAGAGGGATATACAAAGTGTCCTGCGGAGGCTGTGC 

AGCAGAACAGTCGAATCTCATGATATGTTCCATCCTTTTTCTTGTGTGGGTGAGAAA 
GGGCAACCACATTAAA (SEQ ID NO.: 9) 

PMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRVISYEGCLTRMSFFVLFACMEDMLL^ 

VMAYDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLSPLDSQLHSWIVLLFTIIKNVEITOF 

VCEPSQLLNLACSDSVINNIFIYFDSTMFGFLPISGILLSYYKJVPSILRMSSSDGKYKGFS 

TCGSYLAVVCSFDGTGIGMYLTSAVSPPPRNGVVASVMYAVVTPMLNLFIYSLGKRDI 
QSVLRRLCSRTVESHDMFHPFSCVG (SEQ ID NO.: 10) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV5 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

The N0V5 nucleic acid sequence has a high degree of homology (94% identity) with a 
human genomic clone cotaining an OR pseudogene (OLFR) (GeriBank Accession 
No.:AF065864), as is shown in Table 22. The NOV5 polypeptide has homology (approximately 
67% identity, 79% similarity) to a human olfactory receptor (OLFR) (EMBL Accession 
No.:043789), as is shown in Table 23. Overall amino acid sequence identity within the 
mammalian OR family ranges firom 45% to >80%. OR genes that are 80% or more identical to 
each other at the amino acid level are considered by convention to belong to the same subfamily. 
See Dryer and Berghard, Trends in Ph armacoloeical Sciences. 1 999, 20:4 1 3. OR protems have 
seven transmembrane a-helices separated by three extracellular and three cytoplasmic loops, 
with an extracellular amino-terminus and a cytoplasmic carboxy-terminus. Multiple sequence 
aligment suggests that the ligand-bihding domain of the ORs is between the second and sixth 
transmembrane domains. NOV5 is predicted to have a seven transmembrane region, and is 
similar in that region to a representative GPCR, e.g. dopamine (GPCR) (GenBank Accession 
No.: P20288) as is shown in Table 24. 

TABLE 22 

NOV5: 1 CACACCCCCATGTGCTTCTTCCTCTCCAAACTGTGCTCAGCTGACATCGGTTTCACCITO 60 



lliJIlillilllilliillillll' I I I I t I I I I I I I I I I I I I I I I I I I I I I I I I I 

155 



OLFR : 136 CACACCCCCATGTGCTTCITCCTCrCCAACCTGTGCTGGGCTGACATCGGT 
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NOV5: 

OLFR: 

NOV5: 

OLFR: 

NOV5: 

OLFR: 

NOV5: 

OLFR: 

MOV5: 

OLFR: 

NOV5: 

OLFR: 

NOV5: 

OLFR: 

NOV5 : 

OLFR: 

NOV5: 

OLFR: 

NOVS: 

OLFR: 

NOVS : 

OLFR: 

NOV5-:- 

OLFR: 

NOVS: 

OLFR: 



61 GCC^TGGTTCCCAAGATGATTGTGAACATGCACTCGC^TAGCAGM^ 120 

nil Milli llllllllllll llllllilM Mil MMIIIIillllllilll 

196 ic^CGGTTCCTAAGATCATTGTX^ 2S5 
121 GGCTGCCTGACACGGATGTCTTTCTTTGTCCTTTTrGCATCTATC^ IBO 

lllllllilllllllli IIIIIIM lilllllilllllllll IIMillllllilil , ^ 

256 iiCTGCCI^CACGGATATC^ 3" 
181 ACTGTGATGGCCTATGACTGCTTTGTAGCCATCTGTCGCCCTCTGC^^ 240 

llllltlllllllllllllilllllllllllllllilllllllilllllllMIIIMil 

316 iiriiTCiTCicciAi«Ue^CT^^ "S 
241 GTGAATCCTCACCTCTGTGTCTTCTTCGTCTTGGTCTC^ 300 

IIIIIIIIIIIIIIIIIIMillllll I I I III! II I II III I Hill II _ 

376 GTGAATCCTCACCTCTGTC "5 

301 TCCCAGCTGCACAGTTGGATTGTGTTACTATTCACCATCATCAAGAATGTGGAAATCACT 360 
301 TCCCAGCTGC 1111111111111111111111111111 11 

436 iiiiiGC^GiACAoiiGGATT^ 

361 AATTTTGTCTGTGAACCCTCTCAACTTCTCAACCTTGCTTGTTCTGACAGCGTCATCAAT 420 
361 AATTTTGTCT T ,,,,,,,,,,,,,,,, ,,,,| | | | I I I I I I II I I I II I I I II 

496 AaTTTTGTCTG-I^CCCCTC^ "5 
421 AAOVTATrCATATATTTCGATAGTACTATGTTTGGTTTTCrrCCCATTTCAGGGATCCTT 4 80 

Miimiii mill iimiiiiiiiiiiiiimiiiiiiiiiiiiiiiii"' 

556 AGCATAlTCATCTATTTrcAT^^^ 

481 TTGTCTTACTATAAAATTGTCCCCTCCATTCTAAGGATGTCATCGTCMA^ 540 

lllllllilllllllli IIMIIII llllllllllll Mill III 1 1 II II III III 

616 iiiTCTTACTATAAAATCGTCCCCTCCATTCTAAGGATTO^^ 675 



541 



AAAGGCrrCTCCACCTGTGGCTCTTACCTGGCAGTTGTTTGCTCA' 



TTTGATGGAACAGGC 600 



nil iiniiiiiiiiiiiiiii II Mini Mil iiiii mm mm mm mi 

676 iiliccUcTciACCTGTCGci^ 
601 ATTGGCATCTACCTGACTTCAGCTGTGTCACCACCCCCCAGGAATGGTG^ 660 

III Ml MMMI Ml II IMMMIIIIIMMIMIM llllllllllll MUM 

661 GT6ATCTATGCTGTGGTCACCCCCATGCTGAACCTTTTCATCTACM 720 

IIIIIMI lllllltllllMIIIIIIMIillMIIMIIIMIIIII MM Ml 

721 GATATACAAAGTGTCCTGCGGAGGCTGTGCAGCAGAACAGTCGAATCTCAT6ATATGTTC 780 

II Mil mm MM MIIMIII mil MM Ml IIIII III III II mil ^ 

856 iic^TACAAAGTCCCCTGCGGAGGCTC^ 

781 CATCCTTT 788 (SEQ ID NO. 53) 
IIIMIII 

916 CATCCTTT 923 (SEQ ID NO. 54) 



TABLE 23 



55 



NOVS: 
OLFR: 



7 pMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRVISYEGCLTRMSFFVLFACMEDI^Ty 
1 piy^SNLSLADlGFTSTTVPKMIVDMQTHSRVISYEGCLTQMSFFVLFACMDraiLLSV 
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NOV5 : 367 VCEPSQLLNIACSDSVINNI PIYPDSTMPGFLPISGILLSYYKIVPS 

* + **«»« + » ,« ^ .♦***♦* **-,*«» t** 



* **** +* + ** *♦ * +*+**♦+* ******^ it^if ^ * * * 

^ OLPR: 61 MAVDRFVAICHPLHyRII^mPRLC6PLIL^^FFISLU)SQLHNLI^^LQLTCFKDV^ISNF 120 

5ILRMSSSDGKYKG 546 

OLPR: 121 PCDPSQLLHLRCSDTFINEMVIYFMGAIFGCLPISGIt.FSYYKIVSpJ^ipJsDGi^ 180 

OLPR: 181 FSTCGSHIAWCLFYGTGLVGYLSSAN^PSPRKSMVASVMVTVVTPMLMPPIYSLRNlJi^ 240 

NOVS: 727 QSVLRRLCSRTVESHDMFHPFSCVG 801 (SEQ ID NO 55) 
^■^ *♦ * ♦* ♦ + 

OLFR: 241 QSALCRLHGRIIKSHHL-HPFCYMG 264 (SEQ ID NO. 56) 

Where * indicates identity and + indicates similarity. 



TABLE 24 

™' ^ ^"^^^^^'^<=S*"I°f'TIJ^PKMIWMQSHSRVlSYEGCLTRMSFrVI.FACMEDMI.LTV SO 
GPCR: 18 TTNyi.IVSIJlVADLLVATLVMPWVVnfLEWGEWKFSRIHCDIFVTl^SSS 7^ 



NOVS: 61 MAYDCPVAICRPLHYPVIVNPH 82 (SEQ ID NO 57) 
GPCR: 78 ISIDRVTAVAMPMLYNTRYSSK 99 (SEQ ID NO. 58) 



The OR family of the GPCR superfamily is a group of related proteins specificaUy 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. TTius. the NOVS nucleic 
acid, polypeptide, antibodies and other compositions of the present invention can be used to 
30 detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOVS satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are usefiil in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, canco- and wound healing. 



NOV6 

40 



A N0V6 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
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(GPCR) superfamily of proteins. A NOV6 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 25. The disclosed nucleic acid (SEQ ID NO:l 1) is 930 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 22-24 and ends with a TAA stop codon at nucleotides 907-909. In addition, C 
5 indicates 'G' to 'C substitutions in the sequence to correct stop codons. The representative ORF 

" encodes a 294 amino acid polypeptide (SEQ ID NO: 12). Putative untranslated regions up- and 

■ dovmstream of the coding sequence are underlined in SEQ ID NO: II. 

10 TABLE 25. 

I TTGCTGTCCCTGTCCCTGTCCA TGTATATGGTCACGGTGCTGAGGAACCTGCT 
CAGCATCCTGGCTGTCAGCTCTGACTCCCCGCTCCACACCCCCATGTGCTTCT 
TCCTCTCCAAACTGTGCTCAGCTGACATCGGTTTCACCTTGGCCATGGTTCCC 

1 5 AAGATGATTGTGAACATGCAGTCGCATAGCAGAGTCATCTCTTATGAGGGCT 
GCCTGACACGGATGTCTTTCTTTGTCCTTTTTGCATGTATGGAAGACATGCTC 
CTGACTGTGATGGCCTATGACTGCTTTGTAGCCATCTGTCGCCCTCTGCACTA 
CCCAGTCATCGTGAATCCTCACCTCTGTGTCTTCTTCGTCTTGGTGTCCTTTTT 
CCTTAGCCCGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACTATTCACCA 

20 TCATCAAGAATGTGGAAATCACTAATTTTGTCTGTGAACCCTCTCAACTTCTC 
AACCTTGCTTGTTCTGACAGCGTCATCAATAACATATTCATATATTTCGATAG 
TACTATGTTrGGTTrrCTTCCCATTTCAGGGATCCTITrGTCTTACTATAAAAT 
TGTCCCCTCCATTCTAAGGATGTCATCGTCAGATGGGAAGTATAAAGGCTTCT 
CCACCTGTGGCTCTTACCTGGCAGTTGTTTGCTCATTTGATGGAACAGGCATT 

25 GGCATGTACCTGACTTCAGCTGTGTCACCACCCCCCAGGAATGGTGTGGTGG 
CGTCAGTGATGTATGCTGTGGTCACCCCCATGCTGAACCTTTTCATACTCAGC 
CTGGGAAAGAGGGATATACAAAGTGTCCTGCGGAGGCTGTGCAGCAGAACA 
GTCGAATCTCATGATATGTTCCATCCTTTTTCTTGTGTGGGTGAGAAAGGGCA 
AP.r AC ATTA A ATCTCTAC ATCTGTAA ATCCT (SEQ ID NO.: 1 1) 

30 

MYMVTVLRNLLSILAVSSDSPLHTPMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRVIS 
YEGCLTRMSFFVLFACMEDMLLTVMAYDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLS 
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PLDSQLHSWlVLLFTIIK>rVEITTslFVCEPSQLLNLACSDSVINNIFIYFDSTMFGFLPISGm 

SYYKIVPSILRMSSSDGKYKGFSTCGSYLAVVCSFDGTGIGMYLTSAVSPPPRNGVASVM 

YAVVTPMLNLFILSLGKRDIQSVLRRLCSRTVESHDMFHPFSCVGEKGQPH (SEQ ID 
NO.: 12) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV6 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

The NOV6 nucleic acid sequence has a high degree of homology (94% identity) with a 
human genomic clone cotaining an OR pseudogene (OLFR) (GenBank Accession 
No.:AF065864), as is shown in Table 26. The NOV6 polypeptide has homology (approximately 
67% identity, 79% similarity) to a human olfactory receptor (OLFR) (EMBL Accession 
No.:043789), as is shown in Table 27. As shown in Table 28, the NOV6 polypeptide also has a 
high degree of homology (99% identity) with the NOV5 polypeptide. Overall amino acid 
sequence identity within the mammalian OR family ranges from 45% to >80%. OR genes that 
are 80% or more identical to each other at the amino acid level are considered by convention to 
belong to the same subfamily. See Dryer and Berghard, Trends in Pharmacolog i cal Sciences. 
1999, 20:413. Thus, NOV5 and NOV6 belong to the same OR subfamily, 

OR proteins have seven transmembrane a-helices separated by three extracellular and 
three cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy- 
terminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. NOV6 is predicted to have a seven 
transmembrane region, and is similar in that region to a representative GPCR, e.g. dopamine 
(GPCR) (GenBank Accession No.: P20288) as is shown in Table 29. 

TABLE 26 

NOV6: 10 ctgtccctgtccatgtatatggtcacggtgctgaggaacctgctcagcatcctggctgtc 69 

' Ifilllilllllilllll llllllllllllllllllllllllfll lllllllllllll 
OLFR: 58 ctgtccctgtccatgtatctggtcacggtgctgaggaacctgctcatcatcctggctgtc 117 



NOV6: 70 agctctgactccccgctccacacccccatgtgcttcttcctctccaaactgtgctcagct 129 

liliilMI Ml IIIIIMIIIIIilllllllMIIIIIIIIII IIIMII III 

OLFR: 118 agctctgacccccacctccacacccccatgtgcttcttcctctccaacctgtgctgggct 177 
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NOV6 : X30 gacatcggtttcaccttggccatggttcccaagatgattgtgaacatgcagtcgca^ 189 

llllllllllllllllllllll mill llllllllllll nilllllil INI I 
OLFR: na giiiicggiitclicttggccacggttcctaagatgattgtggacatgcagtctcatacc 237 

NOV6: 190 agagtcatctcttatgagggctgcctgacacgg^ 

I null I III II II III I II I II 1 1 II 1 1 llllllll llllllllllll III 

OLFR: 238 agUtcatcictiatgagggctgcctgacacggatatctttcttggtcctttttgcatgt 297 
NOV6 : 250 atggaagacatgctcctgactgtgatggcctatgactgctttgta^ 309 

II iiiiiiiiiiiiiiMiiii iiiMmiiiiiiimiiMiiiiiiiiii 

OLFR: 298 acagaagacatgctcctgactgtgatggcctatgactgctttgtagccatctgtcgccct 357 
NOV6: 310 ctgcactacccagtcatcgtgaatcctcacctctgtgtcttcttcgtcttM 

IIIIIIIIIIIIIIIMIMIMII >lllllillllll>ll I IIKI > I'll 

OLFR: 358 c^Uiiaiccagiiatcgtgaatcctcacctctgtgtcttcttccttttggtatacttt 417 
NOV6 : 370 ttccttagcccgttggattcccagctgcacagttggattgtgttactatt« 

limilll IMIIIIIIIIIIIMIIIIIIIIINIIIIIMI lllll >'"""'•'„ 

OLFR: 418 ttccttagcttgttggattcccagctgcacagttggattgtgttacaattcaccatcatc 477 
NOV6- 430 aagaatgtggaaatcactaattttgtctgtgaaccctctcaacttctcaaccttgcttgt 489 

IIIIIIIIIMIIII llllllimilllM IlillMIII I INI lllll lll 

OLFR: 478 aagaatgtggaaatctctaattttgtctgtgacccctctcaacttctcaaacttgcctgt 537 
NOV6 : 490 tctgacagcgtcatcaataacatattcatacatttcgatagtactatgtttggtt^ 

III mill Minimi iiimm mm mmmiimmmiM 

OLFR: 538 tciga«gcgicatiIaLgcatattcatgtatttccatagtactatgttcggttttctt 597 
NOV6 : 550 cccatttcagggatccttttgtcttactataaaattgtcccctccattctaag^^ 609 

III Mil iiimiiimm.mmii iiH-miiimmim u 

OLFR: 598 cccatttcagggatccttttgtcttactataaaatcgtcccctccattctaaggatttca 657 
NOV6 : 610 tcgtcagatgggaagtataaaggcttctccacctgtggctcttacc^ 669 

II iiiiiiimmiiiiii iiimiiimiiiii ii iiiiiimiim 

OLFR: 658 tiit«gatgggaagtataaagccttctccacctgtggctctcacttggcagttgtttgc 717 
NOV6 : 670 tcatttgatggaacaggcattggcatgtacctgacttcagctgtgtca^ 729 

I Mil iiiiimiimim imiimimmmiiiiimmmii 

OLFR: 718 tgattttatggaacaggcattggcgtgtacctgacttcagctgtgtcaccaccccccagg 777 
NOV6: 730 aatggtgtggcggcgtcagtgatgtatgctgtggtcacccccat^ 789 

imiiimi iiimiiiiim mmmiimmiinmiMiiiii 

OLFR: 778 aatggtgtggtagcgtcagtgatgtacgctgtggtcacccccatgccgaaccttttcatc 837 
NOV6 : 790 ctcagcctgggaaagagggatatacaaagtgtcctgcggaggctgtgcagw^ 34 9 

mini im mil iimiim mmiiiiiii n 11 

OLFR: 838 tacagcctgagaaacagggacatacaaagtgccctgcggaggctgctcagcagaacagtc 897 
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N0V6: 850 gaatctcatgatatgttccatccttt 875 (SEQ ID NO 59) 
5 OLPR IIIIUIIIIII lllllllllllll 

OLPR. 898 gaatctcatgatctgttccatccttt 923 (SEQ ID NO. 60) 

TABLE 27. 

******■^**^.**^****»1,^,tt^*^,^.^.^,^,^,^,t*+t***.^, 
PMYFFI^NI,SIADIGFTSTTVPKMIVDMQTHSRVISYEGCLTOMSFFVLFACMDDMLLSV 60 

mavdcfvaicrp™^^ 

MAYDRFVAICHPLHYRIlMNPRI^FLIIiSFFlSl^SQLHNLIMLOLTCFKDTOISNF 120 
FCDPSQLLHLRCSDTFINEMViymSAIFGCLPISGILFSYYKIVSPILRVP^SDGKCik 180 

+ *♦+♦*♦ ♦ +**♦♦♦* ♦*♦♦♦ 

FSTCGSHLAWCLFyGTGLVGyr^SAVX,PSPRKSMVASVMYTWTPMLNPFIYSI,RNl^DI 240 





C4\JV b : 


7 


10 


OLFR: 


1 




NOV6: 


187 


15 


OLFR: 


61 




N0V6: 


367 




OLFR: 


121 


20 


NOV6: 


547 


1 


OLFR: 


181 


25 


N0V6: 


727 




OLPR: 


241 



Where * indicates identity and + indicates similarity. 

TABLE 28 

30 ■ 

NOU6: 264 QSVLRRLCSRTVBSHDMPHPPSCVG 288 (SEQ ID NO. 63) 
<A 1°^^'' QSVLRRLCSRTVESHDMFHPFSCVG 26S (SEQ ID NO XO) 

50 Where * indicates identity. » w no. xo) 
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TABLE 29 

NOV6- 9 m.L.SIlAVSSDSPlJlTPMCFFLSKLCSADIGFTIAMVPKMIVNMQSHSRVISYEGCLTRM 68 

GPCr': 2 NVLVmAVSREKALQTTTim.IVSI>RVADLLVATLVMPWVVYLEWGEWKFSRIHCTI 61 

NOV6- 69 SFF^rt,FACMEDMLI.TVmYDCFVAIa^PIJ«PVlWPHLCVFF^^VSFFLSPIJ)SQIJ^SW X28 

GPCr': 62 TLDVMMCTASIUJLCAISIDRYTAVAMPMLVNTRYSSKRRV TVM 105 



N0V6- 129 IVLLFTIIKMVEITNFVCBPSQLLNIACSDSVINNIFIYFDSTMFGPLPISGILLSYYKI 
GpS; 106 lAIVWVI.SFTISCPMLFG---LNNTDQNECIIANPAFVVYSSIVSFYVPFIVTLLVyiia 162 



188 



NOV6: 189 VPSII-RMSSS 198 (SEQIDNO. 65) 
GPCR: 163 YIVLRRRRKR 172 (SEQ ID NO. 66) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV6 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV6 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in tiie expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of tfie present invention are useful in die treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, tiiose involving 
neurogenesis, cancer and wound healing. 

NOV7 

A NOV7 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of tfie G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV7 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 30. The disclosed nucleic acid (SEQ ID NO:13) is 930 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ACG initiation codon at 
nucleotides 10-12 and ends witfi a TGA stop codon at nucleotides 882-884. In addition, C 
indicates 'G' to 'C substitutions in the sequence to correct stop codons. The representative ORF 
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encodes a 309 amino acid polypeptide (SEQ ID NO: 12). Putative untranslated regions up- and 
downstream of the coding sequence are underlined in SEQ ID NO: 13 

TABLE 30. 

CACAGAGCCACGGAATCTCACAGGTGTCTCAGAATTCCTCCTCCTGGGACTCTCAGA 

GGATCCAGAACTGCAGCCGGTCCTCGCTTTGCTGTCCCTGTCCCTGTCCATGTATCTG 

GTCACAGTGCTGAGGAACCTGCTCAGCATCCCGGCTGTCAGCTCTGACTCCCACCTC 

CACACCCCCACGTACTTCTTCCTCTCCATCCTGTGCTGGGCTGACATCGGTTTCACCT 

CGGCCACGGTTCCCAAGATGATTGTGGACATGCAGTGGTATAGCAGAGTCATCTCTC 

ATGCGGGCTGCCTGACACAGATGTCTTTCTTGGTCCTTTTTGCATGTATAGAAGGCAT 

GCTCCTGACTGTAATGGCCTATGACTGCTTTGTAGGCATCTATCGCCCTCTGCACTAC 

CCAGTCATCGTGAATCCTCATCTCTGTGTCTTCTTTGTTTTGGTGTCCrnTTCCTTAG 

CCTGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACAATTCACCATCATCAAGAA 

TGTGGAAATCTCTAATTTTGTCTGTGACCCCTCTCAACTTCTCAAACTTGCCTCTTAT 

GACAGCGTCATCAATAGCATATTCATATATTTCGATAGTACAATGTITGGTrTTCITC 

CTATTTCAGGGATCCTTTCATCTTACTATAAAATTGTCCCCTCCATTCTAAGGATGTC 

ATCGTCAGATGGGAAGTATAAAACTTTCTCCACCTATGGCTCTCACCTAGCATTTGTT 

TGCTCATnTATGGAACAGGCATTGACATGTACCTGGCTTCAGCTATGTCACCAACC 

CCCAGGAATGGTGTGGTGGTGTCAGTGATGTAAGCTGTGGTCACCCCCATGCTGAAC 

TEPRNLTGVSEFLLLGLSEDPELQPVLALLSLSLSMYLVTVLRNLLSIPAVSSDSHLHTPT 

YFFLSILCWADIGFTSATVPKMIVDMQWYSRVISHAGCLTQMSFLVLFAGIEGMLLTVM 

AYDCFVGIYRPLHYPVIVNPHLCVFFVLVSFFLSLLDSQLHSWIVLQFTIIKNVEISNFVCD 

PSQLLKLASYDSVINSIFIYFDSTMFGFLPISGILSSYYKIVPSILRMSSSDGKYKTFSTYGS 

HLAFVCSFYGTGIDMYLASAMSPTPRNGVVVSVMXAVVTPMLNLFIYSLRNRDIQSALR 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of die olfactory signal transduction cascade. The NOV7 nucleic acid, 
polypeptide, antibodies and other compositions of the present invention can be used to detect 
35 nasal epithelial neuronal tissue. 

The NOV7 nucleic acid sequence has a high degree of homology (94% identity) with the 
human genomic clone pDJ392al7 from chromosome 1 1 (CHRl 1) (GenBank Accession 
No.:AC000385), as is shown in Table 3 1 . The NOV7 polypeptide has homology (approximately 
68% identity, 78% similarity) to a human olfactory receptor (OLFR) (EMBL Accession 
40 No. :043789), as is shown in Table 32. 
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Overall amino acid sequence identity within the mammalian OR family ranges from 45% 
to >80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer and Berghard, Trends in 
PKorm«rr.lnpical Sciences. 1999, 20:413. OR proteins have seven transmembrane a-helices 

5 separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
:terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
Hgand-binding domain of the ORs is between the second and sixth transmembrane domains. 

NOV7 is predicted to have a seven transmembrane region, and is similar in that region to 
a representative GPCR. e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown 

10 in Table 33. 



15 



NOV7: 1 



TABLE 31. 



iiiiiiiiiii 



CHRll: 126702 cacagagcca 



cggaatctcacaggtgtctgagaattcctcctcctgggactctcagagga 



126643 



20 



NOV7: 61 



tccagaactgcagccggtcctcgctttgctgtccctgtccctgtccatgtatct^ 120 

lllllllllllll llllllllllllll IIIIMIIIIIIIIII II llllllllll 

CHRll ■ 126642 iiUgllcigiUtigglcctcgctttgctgtccctgtccctgtccctgaatctggccac 



126583 



25 



NOV7: 121 



CHRll: 126582 



agtgctgaggaacctgctcagcatcccggctgtcagctctgactcccacctccacac^ 180 

HtTi 1 1 1 H 1 1 1 1 III 1 1 HI III llllllllllll l II nil I III I III 



30 



N0V7: 181 



CHRll: 



240 



cacgtacttcttcctctccaccctgtgctgggctgacatcggtttcacctcggc^ 

II III llllllllllllll mil III nil III III I III mi nil II mill 

126522 catgtlcticticcictccaacctgtgctgggctgaeatcggtctcacetcggccacggt 126463 
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MOV?: 241 



tcccaagatgattgtggacatgcagtggtatagcagagtcatctctcatgcggg« 300 

,111111 Hill nil iiiiiii I immiiiiniiiinii iiiiiiin 

CHRll: 126462 iiccaiggig-tictggatatgcagtcgcatagcagagtcatctctcatgtgggctgcct 126 



40 



NOV7: 301 



CHRll 



aacacaQatgtctttcttggtcctttttgcatgtatagaaggcatgctcctgactgtaat 360 

miim I nniimiii iiimmiiminiiiiimni n 

: 1264 02 giMiagaiglctttcttggtcctttctgcatgtatagaaggcatgctcctgactgtgat 126343 



45 



HOV7: 361 



ggcccatgactgctttgtaggcatctatcgccctctgcactacccag^ 420 



m i I mi i n nil iiiimiiimninniiii iinnii 

CHRll: 126342 igiciaiggcigctitgtagccatctgtcgccctctgcactacccagtcatagtgaatcc 126283 



50 



MOV7: 421 



tcatctctQtatcttctttgttttggcgtcctttttccttagcctgttggattcccagct 480 

m m mnmii immiinm in mimin in 

\ '1 '►►^^^►►►c.r.fateetttttccttaacctgttggattcccagct 



CHRll: 126282 iiacctctgtgtcttcttcgttttggtgtcctttttccttaacctgttggattcccagct 126223 
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N0V7: 481 9ff=f9"9gact9tgttacaattcaccaccaccaagaat9t99aaatctctaattttat 540 

CHRll: 126222 gcacagttggattgtgttacaattcaccatcatcaagaltgtggllltcic^^ 126163 

NOV7: 541 '^'^9'=9*'=«'cctctcaacttctcaaacttgcctcttatgacagcqtcatcaataar-=.h=.».H cnn 

CHRll- 126162 """" '"'"I II iiMiiii m fmlu"^ 

CHRll. 126162 "gtgacccctctcagcttctcaaccttgcctgttctgacagcgtcatcaatigcailii 126103 

MOV7.- 601 ^f'f't^^*'*'3'*'*9*'^"^'=9'='^'=99'=*^ttcttcctatttcag9gatcctttcatctta Cfin 

rnn.,, IIIIIINIIIIIIIIII fllllllllllllllll II II Hill II mil I MM 

NOV7: 661 ^'^^'^^^^^ttgtcccctccattctaaggatgtcatcgtcagatgggaaqtataaaaeti-i- 

CHRll. 126042 ' ''''''''''''''''''''iiHiiiiMiiiiiiiiiiiiimm m^^^ 

CHRll. 126042 ctataaaattgtcccctcoattctaaggatgtcatogtcagatgggaagilialigcci; 125983 

NOV7: 721 ""f ^^tggctctcacctagcatttgtttgctcattttatggaacaggcattqacat 780 

CHRll- 125982 ' " ' ■ ' ■ ' • ■ N I I I I I I I I I I I lllilllll I I I I I I II I | | I I 11 I I Mil 
CHRll. 125982 ctccacctatggctctcacctaggagttgtttgctggttttaiggalilgtilit^ea! 125923 

NOV7: 781 f ==^99*=ttcagctatgtcaccaacccccaggaatggtgtqqtqt,tQtcaotoatoi-a a^n 

CHRll. 125922 ' ^ I I I I M I I I I I I || || | | | | | | | | f Pm f f Hi I I I 

CHRll. 125922 9tacctggcttcagccgtgtcaccaccccccaggaatggt3tggtggcai«gigligtl 125863 

CHRll. 125862 SSCtgtggtcacccccatgctgaaccttttcatctacagcctgiglaa^^^^ 125803 
NOV7: 901 aagtgccctgcggaggccgcgcagcagaac 930 (SEQ ID NO 13> 

CHRll ...«n, """"IIIIIIIINMIIIIIIIIII 

^HKll: 125802 aagtgccctgcggaggctgcgcagcagaac 125773 (SEQ ID NO. 68) 



* ******* 

1 PMYFPLSNLSIja)IGFTSTTVPKMIVDMQTHSRVISYEGCLTQMSFFVLPACMDI 



TABLE 32 

NOV7: 179 

OLPR: - "'"**'«""--~'^^'-^*^^vfc'ia^iVDMQTHSRVISYEGCLTQMSFF^ 60 

NOV7: 359 ^™CFJ^IYRP1^^^^ 

OLFR: 61 ^«^yDRF^7AICHPIJ^YRIIMNPRIXX5FLILI^FFISLU)SQUmLIMLQLTCPKDVDI 120 

NOV7: 539 VOTPSQIO^KLJ^YDSVINSIFIYPDSTM^ ,^3 
******* ♦ ♦+ ♦* + *** ♦♦♦♦♦♦ ♦^^^ 

ULFR : 121 FCDPSQLLHLRCSDTPTKRMVT viTMna ti?i-»ot n t ^r^-r^ «««« 

180 



•+ ** + *♦* ♦♦♦♦♦♦ 

FCDPSQLLHLRCSDTPINEMVIYFMGAIPGCLPISGILFSYYKIVSPILRVPTSDGKYKA 
NOV7: 719 FSTYGSHLAFVCSFYGTGIDMY^^ 

***♦*> **^**+ * + ♦* ♦** ******»^*» 

OLFR : 181 FSTCGSHLAWCLFYGTGLVGYI^SAVLPSPRKSMVASVMYTVVTPMLNPFIYSIJIN 
NOV7: 899 QSALRRLRSR 928 (SEQ ID NO. 69) 



OLFR: 241 QSALCRLHGR 250 (SEQ ID NO. 70) 

Where ♦ indicates identity and + indicates similarity. 
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TABLE 33 

N0V7 : 44 NLI^IPAVSSDSHLHTPTYFFLSILCWADIGFTSATVPKMIVDMQWYSRVISHAGCLTQM 103 
GPCR: 2 im*VCMAVSREKALQTTTim»IVSlAVADLLVATLVMPWVW 61 

5 NOV7: 104 SFLVLFACIEGMLLTVMAYDCFVGIYRPLHYPVIVNPH 141 (SEQ ID NO. 71) 
GPCR: 62 TLDVMMCTASILNLCAISIDRYTAVAMPMLYNTRYSSK 99 (SEQ ID NO. 72) 

The OR family of the GPCR superfamily is a group of related proteins that are 
specifically located at the ciliated surface of olfactory sensory neurons in the nasal epithelium 
10 and are involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV7 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
, superfamily, NOV7 satisfies a need in the art by providing new diagnostic or therapeutic 
15 compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

20 

NOV8 

A NOV8 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV8 nucleic acid and its encoded polypeptide includes the 
25 sequences shown in Table 34. The disclosed nucleic acid (SEQ ID NO: 1 5) is 994 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 27-29 and ends with a TGA stop codon at nucleotides 969-971. The representative 
ORF encodes a 314 amino acid polypeptide (SEQ ID NO:l 6). Putative untranslated regions up- 
and downstream of the coding sequence are underlined in SEQ ID NO: 15. 

30 

TABLE 34. 

TGCAGCTAAAGTGCATTGTGTAAAAC ATGGGGGATGTGAATCAGTCGGTGGCCTCA 
GACTTCATTCTGGTGGGCCTCTTCAGTCACTCAGGATCACGCCAGCTCCTCTTCTCCC 
TGGTGGCTGTCATGTTTGTCATAGGCCTTCTGGGCAACACCGTTCTTCTCTTCTTGAT 
35 CCGTGTGGACTCCCGGCTCCATACACCCATGTACTTCCTGCTCAGCCAGCTCTCCCTG 
TTTGACATTGGCTGTCCCATGGTCACCATCCCCAAGATGGCATCAGACTTTCTGCGG 
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GGAGAAGGTGCCACCTCCTATGGAGGTGGTGCAGCTCAAATATTCTTCCTCACACTG 

ATGGGTGTGGCTGAGGGCGTCCTGTTGGTCCTCATGTCTTATGACCGTTATGTTGCTG 

TGTGCCAGCCCCTGCAGTATCCTGTACTTATGAGACGCCAGGTATGTCTGCTGATGA 

TGGGCTCCTCCTGGGTGGTAGGTGTGCTCAACGCCTCCATCCAGACCTCCATCACCC 

TGCATTTTCCCTACTGTGCCTCCCGTATTGTGGATCACTTCTTCTGTGAGGTGCCAGC 

CCTACTGAAGCTCTCCTGTGCAGATACCTGTGCCTACGAGATGGCGCTGTCCACCTC 

AGGGGTGCTGATCCTAATGCTCCCTCTTTCCCTCATCGCCACCTCCTACGGCCACGTG 

TTGCAGGCTGTTCTAAGCATGCGCTCAGAGGAGGCCAGACACAAGGCTGTCACCAC 

CTGCTCCTCGCACATCACGGTAGTGGGGCTCTTTTATGGTGCCGCCGTGTTCATGTAC 

ATGGTGCCTTGCGCCTACCACAGTCCACAGCAGGATAACGTGGTTTCCCTCTTCTAT 

AGCCTTGTCACCCCTACACTCAACCCCCTTATCTACAGTCTGAGGAATCCGGAGGTG 

TGGATGGCTTTGGTCAAAGTGCTTAGCAGAGCTGGACTCAGGCAAATGTGCTGACT 
ACATAGAAACTGCTOnTGAnA (SEQ ID NO.: 15) " 

MGDVNQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLLGNTVLLFLIRVDSRLHTPMY 

FLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMS 

YDRYVAVCQPLQYPVLMRRQVCLLMMGSSWVVGVLNASIQTSITLHFFYCASRIVDHF 

FCEVPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLSMRSEEARHK 

AVTTCSSHITVVGLFYGAAVFMYMVPCAYHSPQQDNVVSLFYSLVTPTLNPLIYSLRNP 
EVWMALVKVLSRAGLRQMC (SEQ ID NO.: 16) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. NOV8 nucleic acids, 
polypeptides, antibodies, and other compositions of the present invention can be used to detect 
nasal epithelial neuronal tissue. 

The NOV8 polypeptide has homology (approximately 44% identity, 65% similarity) to 
the human olfactory receptor family 2 subfamily F, member 1 (OLFR) (EMBL Accession 
No.rNP 036501), as is shown in Table 35. TheNOVS polypeptide also has homology (44% 
identity. 65% similarity) to the rat olfactor rcccptor-likc protein OLF3 (SwissProt Accession No.: 
Q13607), as is shown in Table 36. Overall amino acid sequence identity within the mammalian 
OR family ranges from 45% to >80%. OR genes that are 80% or more identical to each other at 
the amino acid level are considered by convention to belong to the same subfamily. See Dryer 
and Betghard- Trends in Pharmacological Scifent-t^ 1999, 20:413. OR piwteins have seven 
transmembrane a-helices separated by three extracellular and three cytoplasmic loops, vwth an 
extracellular amino-terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment 
suggests that the ligand-binding domain of the ORs is between the second and sixth 
transmembrane domains. NOV8 is predicted to have a seven transmembrane region, and is 
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similar in that region to a representative GPCR, e.g. dopamine (GPCR) (GenBank Accession 
No.: P20288) as is shown in Table 37. 

TABLE 35 

5 NOV8: 1 MGDVNQSVASDFILVGLFSHSGSRQLLFSLVA^^iFVIGLlX3lma.LFLIRVDSRU^^P^^ 60 
♦* ♦*+ * ♦* * ♦*+♦+ +**♦ +++ ***+**♦♦*♦♦♦♦ 

" OLFR: X NK3TDNQTWVSEFILI>3I*SSDWDTRVSLFVLFLV^ryVVT\^ 60 

- NOV8: 61 FLLSQLSLFDIGCPMVTIPKMASDFUiGEGATSYGGGAAQIFFLTLJ^GVAEGVIXVlJ^Y 120 
JO * *+ *+ +*++ + ** * + ♦♦*+*♦ +* ♦ *♦* +*+♦ 

OLFR: 61 FFLTNLSLVDVSYATSWPQLIJUiFU^HKAIPFQSCAAQLFFSIJUXSGIEFVIJAV^ 120 



NOV8: 121 DRYVAVCQPI^YPVI^RQVCLLM^GSSWWGVlJaASIQTSITl^FPYCASRIVDHFF 180 
*♦*♦**♦ *+* +* + * +++ +♦*+*♦ ♦ ♦ ++ +*♦ ** 

15 • OLFR: 121 DRYVAVCDALRYSAIMHGGLCARLAITSWVSGFISSPVQTAITFQLPMCRNKFIDHISCE 180 



20 



NOV8: 181 VPALLKLSCy\DTCAYEMALSTSGVLIIJ^PLSLIATSYGHVLQAVl^MRSEEARHK^ 240 

+ + ♦ * ++ + ** *♦ *+ *♦ ++ +* + + * * * ** * 

OLFR: 181 I^VVRIJVCVDTSSNEVTIMVSSIVLIJ^PLCLVLLSYIQIISTII^ 240 

N0V8: 241 CSSHITWGLFYGAAVFMYMVPCAYHSPQQDmrVSLFYSLVTPTlJvIPLIYSLRNPEV^ 300 

OLFR: 241 CASHLTWALCYGVAIFTYIQPHSSPSVI^EKLFSVFYAILTPMLNPMIYSLRNKEVKGA 300 



25 NOV8: 301 LVKVL 305 (SEQ ID NO- 73) 
*+* 

OLFRI 301 WQKLL 305 (SEQ ID NO. 74) 

Where ♦ indicates identity and + indicates similarity. 
30 TABLE 36 

NOV8: 27 MGDWQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLIX3NTVLLFLIRVDSRLHTPMY 206 

** ♦*+ *+*♦*+♦♦ * +♦ *♦ * ♦*+*+ +*** +++ *♦*+**♦**♦*♦♦ 
35 OLFR: 1 MGTDNQTWVSEFILI^LSSDWDTRVSLF\n^FLVMYVVT\^GNCLIVLLIRLDSRLHTPM^ 60 

NOV8: 207 FLLSQLSLFDIGCPIWTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMSY 386 

« *** ♦+ +*++ + ** * + **♦ + *♦ -f* * **♦ 

OLFR: 61 FFLTNLSLVDVSYATSWPQLLAHFLAEHKAIPFQSCAAQLPFSLALGGIEFVLLAVMAY 120 

40 

N0V8: 387 DRYVAVCQPLQYPVlMlRQVCLLMMGSSVgrVVGVLNASIQTSITLHFPYCASRIVDHFFCE 566 

OLFR: 121 DRYVAVCDALRYSAIMHGGLCARLAITSWVSGFISSPVQTAITFQLPMCRNKFIDHISCE 180 

45 N0V8: 567 VPALLIO^CADTCAYEMALSTSGVLII^PLSLIATSYGHVLQAVLSMRSEEARHKAVTT 746 
+ *^^+*+* ♦ +++** ♦* *+ *♦ ++ +* ++* ♦ ♦ ** ♦ 

OLFR: 181 LlAVVRLACVDTSSNE\rriMVSSIVLLMTPLCLVLLSYIQIISTILKrQSREGRKK;^ 240 

NOV8: 74 7 CSSHITWGLFYGAAVFMYMVPCAYHSPQQDNWSLFYSLVTPTLNPLIYSUWPEVWMA 926 

OLFR: 241 OVSHLTWALCYGVAIFTYIQPHSSPSVLQEKLFSVFYAILTPMLNPMIYSLRNKEVKGA 300 
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NOV8: 927 LVKVLSR-AGL 956 (SEQ ID NO. 75) 
*+* + +♦* 

OLFR: 301 WQKLLWKFSGL 311 (SEQ ID NO. 76) 

Where ♦ indicates identity and + indicates similarity. 
TABLE 37 

NOV8 : 41 GNTVLLFLIRVDSRLHTPMYFLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSyGGGAAQ 100 
GPCR: 1 GNVLVCMAVSREKALQTTTNYLIVSLAVADLLVATLVMPWVVyLEVVGEWKFSRIHCDIF 60 

NOV8 : 101 IFFLTLMGVAEGVLLVLMSYDRYVAVCQPLQVPVLM-RRQVCLLMMGSSWWGVLNASIQ 159 
GPCR: 61 VTLDVMMCTASIUJLCAISIDRYTAVAMPMLYNTRYSSKRRVTWIAIVWVl^PTISCP^ 120 

NOV8 r 160 TS I TLHFPYCASR I VDHFFCEVPALLKLSCADTCAYEMALSTSGVL I LMLPLSL I ATS YG 219 
GPCR: 121 LFGLNNTDQN - ECIIA- -NPAFWYSSIVSFYVPFIVTLLVYI 160 

NOV8: 220 ffVLQAVLSMRSEEA 233 (SEQ ID NO. 77) 
GPCR: 161 KIYIVLRRRRKRVN 174 (SEQ ID NO. 78) 

The OR family of the GPCR superfamily is a group of related proteins located at the 
ciliated surface of olfactory sensory neurons in the nasal epithelium. The OR family is involved 
in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV8 nucleic 
acid, polypeptide, antibodies and other compositions of the present invention can be used to 
detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV8 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are usefid in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 



NOV9 

A NOV9 sequence according to the invention is a nucleic acid sequence encoding a 
polyp^tide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV9 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 38. The NOV8 nucleic acid sequence (SEQ ID NO.: 1 5) was ftuther 
analyzed by exon linking, and the resulting sequence was identified as NOV9. The disclosed 
nucleic acid (SEQ ID NO: 17) is 994 nucleotides in length and contains an open reading frame 

45 



wo 01/51632 



PCTAJSOl/01513 



(ORF) that begins with an ATG initiation codon at nucleotides 28-30 and ends with a TAG stop 
codon at nucleotides 979-981. The representative ORP encodes a 317 amino acid polypeptide 
(SEQ ID MO: 18). Putative untranslated regions up- and downstream of the coding sequence are 
underlined in SEQ ID NO: 17. 



TABLE 38. 

. TGrAGCTAAAGTGCATTGTr.TAAAACT ATGGGGGATGTGAATCAGTCGGTGGCCTC 
AGACTTCATTCTGGTGGGCCTCTTCAGTCACTCAGGATCACGCCAGCTCCTCTTCTCC 
CTGGTGGCTGTCATGTTTGTCATAGGCCTTCTGGGCAACACCGTTCTTCTCTTCTTGA 
TCCGTGTGGACTCCCGGCTCCACACACCCATGTACTTCCTGCTCAGCCAGCTCTCCCT 
GTTTGACATTGGCTGTCCCATGGTCACCATCCCCAAGATGGCATCAGACTTTCTGCG 
GGGAGAAGGTGCCACCTCCTATGGAGGTGGTGCAGCTCAAATATTCTTCCTCACACT 
GATGGGTGTGGCTGAGGGCGTCCTGTTGGTCCTCATGTCTTATGACCGTTATGTTGCT 
GTGTGCCAGCCCCTGCAGTATCCTGTACTTATGAGACGCCAGGTATGTCTGCTGATG 
ATGGGCTCCTCCTGGGTGGTAGGTGTGCTCAACGCCTCCATCCAGACCTCCATCACC 
CTGCATTTTCCCTACTGTGCCTCCCGTATTGTGGATCACTTCTTCTGTGAGGTGCCAG 
CCCTACTGAAGCTCTCCTGTGCAGATACCTGTGCCTACGAGATGGCGCTGTCCACCT 
CAGGGGTGCTGATCCTAATGCTCCCTCTTTCCCTCATCGCCACCTCCTACGGCCACGT 
GTTGCAGGCTGTTCTAAGCATGCGCTCAGAGGAGGCCAGACACAAGGCTGTCACCA 
CCTGCTCCTCGCACATCACGGTAGTGGGGCTCTTTTATGGTGCCGCCGTGTTCATGTA 
CATGGTGCCTTGCGCCTACCACAGTCCACAGCAGGATAACGTGGTTTCCCTCTTCTA 
TAGCCTTGTCACCCCTACACTCAACCCCCTTATCTACAGTCTGAGGAATCCGGAGGT 
GTGGATGGCTTTGGTCAAAGTGCTTAGCAGAGCTGGACTCAGGCAAATGTGCATGAC 

TAPATAf^ A A ArTGCTGGTGAGA (SEP ID NO.: 17) 

MGDVNQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLLGNTVLLFLIRVDSRLHTPMY 

FLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMS 

YDRYVAVCQPLQYPVLMRRQVCLLMMGSSWVVGVLNASIQTSITLHFPYCASRIVDHF 

FCEVPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLSMRSEEARHK 

AVTTCSSHITVVGLFYGAAVFMYMVPCAYHSPQQDNVVSLFYSLVTPTLNPLIYSLRNP 

EVWMALVKVLSRAGLRQMCMTT(SEQIDNO.: 18) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the Initial steps of the olfactory signal transduction cascade. Accordingly, the NOV9 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

The NOV9 polypeptide has homology (approximately 44% identity, 65% similarity) to 
the human olfactory receptor family 2 subfamily F, member 1 (OLFR) (EMBL Accession 
No.:NP 036501), as is shovm in Table 39. The NOV9 polypeptide also has a high degree of 
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homology (99% identity) to the NOV8 polypeptide as shown in Table 40. Overall amino acid 
sequence identity within the mammalian OR family ranges from 45% to >80%. OR genes that 
are 80% or more identical to each other at the amino acid level are considered by convention to 
belong to the same subfamily. See Dryer and Berghard, Trends in Pharm acological .qri^nr^c, 
1999, 20:413. Thus NOV8 and NOV9 belong to the same subfamily of ORs. 

OR proteins have seven transmembrane a-helices separated by three extracellular and 
three cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy- 
terminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. NOV9 is predicted to have a seven 
transmembrane region, and is similar in that region to a representative GPCR, e.g. dopamine 
(GPCR) (GenBank Accession No.: P20288) as is shown in Table 41. 

TABLE 39 

NOV9: 1 MGDVNQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLLGMTVLLFLIRVDSRLHTPMY 60 
** **+ *+***+** * ** * **+*+ +**♦ +++ **♦+****♦*•*♦ 

OLFR: 1 MGTDNQTWVSEFIIiGLSSDWDTRVSI,FVl.FLVMYVVTVUSNCLIVIiIRIJJSRUITPMy 60 

NOV9: 61 FLLSQLSLFDIGCPMVTIPKMASDFUlGEGATSYGGGAAQIFPLTIJ>lGVAEGVLLVI*lsy 120 

OLFR: 61 FFLTNLSLVDVSYATSWPQLLAHFLAEHKAIPPQSCAAQLFPSLALGGIEFVLIAVMAY 120 

NOV9: 121 DRYVAVCQPLQYPVLMRRQVCLLMMGSSWWGVLNASIQTSITLHPPYCASRIVDHFFCE 180 
******* *+♦ ^« ^ ^ +**+** * * ++ +♦* ** 

OLFR: 121 DRYVAVCDALRYSAIMHGGLCARLAITSWVSGFISSPVQTAITPQLPMCRNKFIDHISCE 180 

NOV9: 181 

+ *+++*+* ** + *++ ♦ ** ++~ '+*~++'*~~*"*T"* 



VPALLKLSCADTCaYEI-B«.STSGVLILMLPLSLIATSYGHVLQAVLSMRSEEARHKAVTT 240 
+ *+++*+* ** + *++ ♦ ***** 

OLFR: 181 LLAWRLACVDTSSNEVTIMVSSIVLLMTPLCLVLLSYIQIISTILKIQSREGRKKAFHT 240 

NOV9: 241 CSSHITVVGLFYGAAVFMYMVPCAYHSPQQDNVVSLFYSLVTPTLNPLIYSLRNPBVWMA 300 

♦+** + ♦** ****+* *^. * *^ ^ •+**^.^.^.** ***+****** ** 
OLFR: 241 CASHLTWALCYGVAlPTYTnoHecDm/rj-iipirT uoiniv* -ri ™r>.„ «^ 



♦+** + ♦** ****+* *^. * *^ ^ •+**^.^.^.** ***+****** ** * 

CaVSHLTWALCy6VAIFTYIQPHSSPS\a«EKLFSVFYAILTPI«JfPMIYSLRNKBVKGA 

NOV9: 301 LVKVL 305 (SEQ ID NO. 79) 
*+* 

OLFR: 301 WQKLL 305 (SEQ ID NO. 80) 

Where ♦ indicates identity and + indicates similarity. 
TABLE 40 

NOV9: 1 MGDVNQSVASDPILVGLFSHSGSRQLLFSLVAVMFVIGLLGNTVLLFLIRVDSRLHTPMY 60 

60 



NOV8 : 1 MGDVNQSVASDPILVGLFSHSGSRQLLFSLVAVMFVIGLLGHTVLLFLIRVDSRLHrPMY 



NOV9: 61 FLI^QLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMSY 120 
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NOV8: 61 FLI.SQLSI.FD1GCPMVTIPKMASDFI.RGEGATSYGGGAAQIFFI,TUMGVAEGV1,LVI«SV 120 

180 



„„„„ --™p«vpv^«™s»v^^ 

NOV8: 121 DRYVAVCQPLQY: 



PV1>IRRQVC1.U1MGSSWVVGVUNASIQTSITLHFPYCASRIVDHFFCB 180 



*♦♦*♦**♦*♦***♦♦**♦♦♦♦****♦****** _ 

10 NOV8: 181 VPAI,Lia^CAim:AYEMAI^TSGVI.II^PI.SLIATSYGHVI>QAVI.SMRSEEARH^^ 240 
HOV3: 241 CSSHXTWGX.rYGAAVP*miVPCAVHSPOQDNyVS.FV^^^^ 300 



**.*************************************' 



NOV8: 241 CSSHIT^rVGLFYGAAVFMYMVPCAYHSPQQDNWSLFYSLVTPTLNPLIYSI^EVWMA 300 



NOV9: 301 LVKVXiSRAGLRQMCMTr 317 (SEQ ID NO. 17) 

************** 

NOV8: 301 LVKV1.SRAGLRQMC - - - 314 (SEQ ID NO. 15) 

Where * indicates identity. 



TABLE 41 

«,>„o a-, rmVLLFLIRVDSRLHTPMYFLI.SQI.SI,FDIGCPMVTIPKMASPFLRGEGATSYGGGAAQ 100 
GpS; 1 c;;JIi^Js^Si2™I>IVSl^VADI.LVATI.VMPW>A^ " 

OS NOV9- 101 IFFLll«GVAEGVLL^aJ^SYDRYVAVCQPLQYPVI^-RRQVCLI/^M6SSWWGV]^ 159 
G?S; 61 w2^CTASXU«,CAISIDRYTAVAMPm.YNTRYSSKRRVTVMIAIVWVLSFTISC:PM 120 

«OV9: 160 XSXTU.FPYCASRXVDHFFCBVPAX..K.SCAnTC^^^ 

GPCR: 121 LFGLNNTDQN - ECXIA NPAtvvxs>s 

30 

NOV9: 220 HVLQAVLSMRSEEA 233 (SEQ ID NO. 83) 
GPCR: 161 KIYIVIiRRRRKRVN 174 (SEQ ID NO. 84) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
35 located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 

involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the N0V9 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
40 superfamily, NOV9 satisfies a need in the art by providing new diagnostic or therapeutic 

compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
45 neurogenesis, cancer and wound healing. 
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NOVIO 



A NOVl 0 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOVl 0 nucleic acid and its encoded polypeptide Includes 
the sequences shown in Table 42. The disclosed nucleic acid (SEQ ID NO:19) is 1.077 
nucleotides in length and contains an open reading frame (ORF) that begins with an' ATG 
initiation codon at nucleotides 3 1 -33 and ends with a TAG stop codon at nucleotides 1,030- 
1,032. The representative ORF encodes a 318 amino acid polypeptide (SEQ IDNO:20). Putative 
untranslated regions up- and downstream of the coding sequence are underlined in SEQ ID NO: 
1 9." Exon linking was used to confirm die sequence. 

TABLE 42. 



TCAG0CAACCCTACCAT^^cJf;V-S5TGl^^ 
TATCCAGCTGCCATTCTGTGGOeCTGACAAGCTGG^ 

AAGGCCTTTTCGGACATTCCCCATGGACAAGGCCGTCTCTGTr^^ 

^^=^0^^?^-— ^^^^ 



DraAISQPLHYTLIMNQTVCALLMAASWVOGFITOfvQ^^ 
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The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV 10 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

The NOV 10 polypeptide has homology (approximately 55% identity, 72% similarity) to 
the olfactory receptor MOR83 (OLFR) (EMBL Accession No.:BAA86125), as is shown in Table 
43. Overall amino acid sequence identity v^thin the mammalian OR family ranges from 45% to 
>80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer and Berghard, Trends in 
Pharmacological Sciences. 1999, 20:413. OR proteins have seven transmembrane a-helices 
separated by three extracellular and three cytoplasmic loops, v/ith an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
NOV 10 is predicted to have a seven transmembrane region, and is similar in that region to a 
representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shovwi in 
Table 44. 

TABLE 43 



NOVIO: 


79 


MNPJUWSQVAGFVLLGLSQVWELRFVFFTVFSAVYFMTVVGNLLIVVIVTSDPHLHTTMY 


2S8 






* * ++* *+ ***+ * * 4** *+ ♦ +♦++♦* **♦♦ + ♦ ♦* 




OXiFR: 


1 


MGALNQTRVTEF I FLGLTDNWVLE I LFFVPFTVTYMLTLLGNFLI WTI VFTPRLHNPMY 


60 


NOVIO: 


259 


FLLGNLSFLDFCYSS ITAPRMLVDLLSGNPTISFGGCLTQLFPFHFIGGXKI FLLTVMAY 


438 










OLFR: 


61 


FFLSNLSFIDICHSSVTVPKMLEGLLLERKTISFDNCIAQLFFLHLFACSEIFLLTIMAY 


120 


NOVIO: 


439 


DRYIAISQPLHYTLIMNQTVCALLMAASWVGGPIHSIVQIALTIQLPFCGPDKLDNFYCD 


618 






**«*^ +*♦ *♦ *+ ♦ ♦♦*♦ **♦+•♦ ♦♦*+♦♦+♦♦♦+ +♦+++** 




OLFR: 


121 


DRYVAI CI PLHYSNVMNwkvCVQLVFALWLGGT I HSLVQTFLT I RLPYCGPNI I DS YFCD 


180 


NOVIO: 


619 


VPQLIKLACTDTFVLELLMVSNNGLVTLMCFLVLLGSYTALLVMLRSHSREGRSKALSTC 


798 






** 4«««*«*«*4^ + + * 4 + * + *** ♦+ +* *♦ ♦ ♦** ♦♦♦*♦* 




OLFR: 


181 


VPPVIKLACTDTYLTGILIVSNSGTISLVCFLALVTSYTVILFSLRKKSAEGRRKALSTC 


240 


NOVIO: 


799 


ASHIAWTLIFVPCIYVYTRPFRTFPMDKAVSVLYTIVTPMLNPAIYTLRNKEVI^4AMKK 


978 










OLFR: 


241 


SAHFMWTLFFGPCI FLYTRPDSS FS I DKWSVFYTWTPLLNPLIYTLRNEEVKTAMKH 


300 


NOVIO: 


979 


LWRRK 993 (SEQ ID NO. 85) 




OLFR: 


301 


* ♦* + 

LRQRR 305 (SEQ ID NO. 86) 





Where ♦ indicates identity and + indicates similarity. 
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TABLE 44 

GNLLI WI VTSDPHLHTTM Y FLIiGNLS FLDFCYSS ITAPRMLVDLLSGNPTI SFGGCLTQ 100 
GNVLVCMAVSREKALQTTTNYLIVSLAVADLLVATLVMPWVVYLEVVGEWKFSRIHCDIF 60 

LFFFHFIGGIKIFLLTVI^YDRYIAISq'pI^YTLIMNQ-TVCALLMAASWVGGFIHSIVQ 159 
VTLDVMMCTAS I LNLCAI S I DR YTAVAM PML YNTR YSSKRRVTVM I A I VWVLS FTI SCPM 120 

lALTIQLPFCGPDKLDNFYCDVPQLIKlACTDTFVLELLMVSNNGLVTLMCFLVLIiGSYT 219 
LFGLNNTDQNE CIIANPAFWY--SSIVSFyVPFIVTLLVYI 160 

ALLVMLRSHSREGRSKA 236 (SEQ ID NO. 87) 
KIYIVLRRRRKRVNTKR 177 (SEQ ID NO. 88) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV 10 nucleic acid, polypeptide, antibodies and other compositions of the present invention cai 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR , family of the GPCR 
superfamily, NOV 10 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with aherations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing, 

NOVll 

A NOVl 1 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOVl 1 nucleic acid was discovered by exon linking analysis 
of NOV2 (SEQ ID NO.: 3). A NOVl 1 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 45. The disclosed nucleic acid (SEQ ID NO:21) is 1,012 nucleotides 
in length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 54-56 and ends with a TGA stop codon at nucleotides 984-986. The representative 
ORF encodes a 3 10 amino acid polypeptide (SEQ ID NO:22). Putative untranslated regions up- 
and downstream of the coding sequence are underlined in SEQ ID NO: 21 . 
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TABLE 45. 

AAArArTTCTCCTAAArrATGAr.CATTAACTTGATTTCCTCTGTCATAGGGATA TGG 
GAGACAATATAACATCCATCACAGAGtTCCTCCTACTGGGATTTCCCGTTGGCCCAA 
5 GGATTCAGATGCTCCTCTTTGGGCTCTTCTCCCTGTTCTACGTCTTCACCCTGCTGGG 
GAACGGGACCATACTGGGGCTCATCTCACTGGACTCCAGACTGCACGCCCCCATGTA 
CTTCTTCCTCTCACACCTGGCGGTCGTCGACATCGCCTACGCCTGCAACACGGTGCC 
CCGGATGCTGGTGAACCTCCTGCATCCAGCCAAGCCCATCTCCTTTGCGGGCCGCAT 
GATGCAGACCTTTCTGTTTTCCACTTTTGCTGTCACAGAATGTCTCCTCCTGGTGGTG 

10 ATGTCCTATGATCTGTACGTGGCCATCTGCCACCCCCTCCGATATTTGGCCATCATGA 
CCTGGAGAGTCTGCATCACCCTCGCGGTGACTTCCTGGACCACTGGAGTCCTTTTAT 
CCTTGATTCATCTTGTGTTACTTCTACCTTTACCCTTCTGTAGGCCCCAGAAAATTTA 
TCACTTITTTTGTGAAATCTTGGCTGTTCTCAAACTTGCCTGTGCAGATACCCACATC 
AATGAGAACATGGTCTTGGCCGGAGCAATTTCTGGGCTGGTGGGACCCTTGTCCACA 

15 ATTGTAGTTTCATATATGTGCATCCTCTGTGCTATCCTTCAGATCCAATCAAG GGAA G 
TTCAGAGGAAAGCCTTCTGCACCTGCTTCTCCCACCTCTGTGTGATTGGACTCTTTTA 
TGGCACAGCCATTATCATGTATGTTGGACCCAGATATGGGAACCCCAAGGAGCAGA 
AGAAATATCTCCTGCTGT7TCACAGCCTCTTTAATCCCATGCTGAATCCCCTTATCTG 
TAGTCTTAGGAACTCAGAAGTGAAGAATACTTTGAAGAGAGTGCTGGGAGTAGAAA 

20 rwfinrTTTATfi AAAAGGATTATGGCATTn TnACTGACA (SEQ ID NO.: 21) 

MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYFFL 
SHLAVVDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLVVMSYDL 
YVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEILA 
25 VLKLACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFCTCFSH 
LCVIGLFYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTLKRV 

LGVERAL (SEQ ID NO.: 22) 



30 The OR family of the GPCR superfamily is a group of related proteins specifically 

located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOVl 1 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

35 The NOV 1 1 polypeptide has a high degree of homology (approximately 99% identity) to 

a human olfactory receptor (OLFR) (EMBL Accession No.:095047). as is shown in Table 46. 
The NOV 1 1 polypeptide also has a high degree of homology (approximately 99% identity) to 
NOV2, as is shown in Table 47. Overall amino acid sequence identity within the mammalian OR 
family ranges from 45% to >80%. OR genes that are 80% or more identical to each other at the 

40 amino acid level are considered by convention to belong to the same subfamily. See Dryer and 
Berghard, Trends in Pharmacnlogical Sciences . 1999, 20:413. Therefore, NOVl 1 and NOV2 are 
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two members of the same OR subfamily. OR proteins have seven transmembrane a-heliccs 
separated by three extracellular and three cytoplasmic loops, vdth an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-bindihg domain of the ORs is between the second and sixth transmembrane domains. 
NOVl 1 is predicted to have a seven transmembrane region, and is similar in that region to a 
representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
Table 48. 

TABLE 46 

NOVll: 1 MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 

OLFR: 1 MGDNITSIREFLLIiGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 

NOVll: 61 FLSHIAVVDIAYACam/PRMLVNLl^PAKPISFAGRMMQTFLFSTFAVT 120 

OLFR: 61 FLSHIAVVDIAYACNTVPRMLVNLrJJPAKPISFAGRMMQTFLFSTFAVTECLLLVV^ 120 

NOVll: 121 liWAICHPI^YIiAIMTWRVCrTIAVTSWTTGVLLSLIHLVIiLLPLPFai 180 

OLFR: 121 LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 

NOVll: 181 LAVLKIACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFCTC 240 

OLFR: 181 LAVLKIACADTHINEXmVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFRTC 240 

NOVll: 241 FSHLCn^'IGLFYGTAIIIWVGPRYGNPKEQKKYLLLFHSLFNPMIJ^PLICSLRNSEVKim^ 300 

*-k'k**^*4r* *********** ft* ********* -if** '^■^•tr'k'»fk***'k'iHHt***1fl^'k'krkiHHti^ 

OLFR: 241 FSHLCVIGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 

NOVll: 301 KRVLGVERAL 310 (SEQ ID NO» : 64) 
********** 

OLFR: 301 KRVLGVERAL 310 (SEQ ID NO.: 67) 

Where * indicates identity. 
TABLE 47 

NOVll: 1 MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 

*★★****♦ ******************** *******************ir *********** 

NOV2: 1 MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 
NOVll: 61 FLSHLAVVDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLVVMSYD 120 

***********************************1t^t**********inr*******-t*** 

N0V2: 61 FLSHLAWDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLWMSYD 120 

NOVll: 121 LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 
***************************************** **^t^,^,^t^,^,^,^^,^^^,^^^,^,^,^^, 

NOV2: 121 LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 
NOVll: 181 IAVUOjACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFCTC 240 
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♦♦♦♦*♦♦♦*♦♦♦♦**♦♦**♦*♦****♦**♦**♦****♦♦****************** ** 

NOV2: 181 lAVLKIACArmilNEJnmAGAISGLVGPLSTIWSYMCILCAIUilQSREVQRK^ 240 

NOVll:241 FSHLCVIGLFYGTAII^rfVGPRYGNPKEQKKYLLLFHSLFNPMIJ^JPLICSLRKSEVKNTL. 300 
NOV2: 241 FSHbCVIGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 

NOV11:301 KRVLGVERAL 310 (SEQ ID NO.: 22) 
***♦★♦♦♦♦♦ 

10 NOV2: 301 KRVUSVERAL 310 (SEQ ID NO.: 4) 

Where * indicates identity. 
TABLE 48 

NOVll : 53 RLHAP^^FFLSHIJ^VVDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAV^ 112 
15 GPCR: 14 AI^TTTNYLIVSIAVADLLVATLVMPW^TfLEWGEWKFSRIHCDIFVTLDVlWCTASIL 73 

NOVll : 113 LLVVMSYDLYVAICHPLRYIAIMTW-RVCITIAVTSWTTGVLLSLIHLVLLLPLPFCRPQ 171 
GPCR: 74 NLCAISIDRYTAVAMPMI.YOTRYSSKRRVTVMIAIVW\^SFTISCPMLFGlira 131 

20 NOVll: 172 KIYHFFCEILAVLKIACADTHINENMVIAGAISGLVGPLSTIVVSYMCILCAIL^ 231 
GPCR: 132 -CIIANPAF- WYSSIVSFYVPFIVTLLVYIKIYIVLRRRRKRV 173 



25 



NOVll: 232 VQRK 235 (SEQ ID NO,: 81) 
GPCR: 174 NTKR 177 (SEQ ID NO. : 82) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 

30 NOVl 1 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOVl 1 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 

35 members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases arid pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wouiid healing. 

40 NOV12 

A NOV 12 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
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(GPCR) superfamily of proteins. . A NOV! 2 nucleic acid was discovered by axon linking 
analysis of NOV2 (SEQ ID NO.: 3). A NOV 12 nucleic acid and its encoded polypeptide 
includes the sequences shown in Table 49. The disclosed nucleic acid (SEQ ID NO:23) is 1,014 
nucleotides in length and contains an open reading frame (ORF) that begins with an ATG 
initiation codon at nucleotides 55-57 and ends with a TGA stop codon at nucleotides 985-987. 
The representative ORF encodes a 310 amino acid polypeptide (SEQ ID NO:24). Putative 
untranslated regions up- and downstream of the coding sequence are underlined in SEQ ID NO: 



23. 



TABLE 49. 

TAAACACTTCTCCTAAACCATnAGrAT TAACTTfiATTTCCTCTGTnATAnnr.ATA Tr! 

GGGGACAATATAACATCCATCACAGAGTTCCTCCTACTGGGATTTCCCGTTGGCCCA 

AGGATTCAGATGCTCCTCTTTGGGCTCTTCTCCCTGTTCTACGTCTTCACCCTGCTGG 

GGAACGGGACCATACTGGGGCTCATCTCACTGGACTCCAGACTGCACGCCCCCATGT 

ACTTCTTCCTCTCACACCTGGCGGTCGTCGACATCGCCTACGCCTGCAACACGGTGC 

CCCGGATGCTGGTGAACCTCCTGCATCCAGCCAAGCCCATCTCCnTGCGGGCCGCA 

TGATGCAGACCTTTCTGTTTTCCACTTTTGCTGTCACAGAATGTCTCCTCCTGGTGGT 

GATGTCCTATGATCTGTACGTGGCCATCTGCCACCCCCTCCGATATTTGGCCATCATG 

ACCTGGAGAGTCTGCATCACCCTCGCGGTGACTTCCTGGACCACTGGAGTCCnTTA 

TCCTTGATTCATCTTGTGTTACTTCTACCTTTACCCTTCTGTAGGCCCCAGAAAATIT 

ATCACTTTTTTTGTGAAATCTTGGCTGTTCTCAAACTTGCCTGTGCAGATACCCACAT 

CAATGAGAACATGGTCTTGGCCGGAGCAATTTCTGGGCTGGTGGGACCCTTGTCCAC 

AATTGTAGTTTCATATATGTGCATCCTCTGTGCTATCCTTCAGATCCAATCAAGGGAA 

GTTCAGAGGAAAGCCTTCTGCACCTGCTTCTCCCACCTCTGTGTGATTGGACTCTTTT 

ATGGCACAGCCATTATCATGTATGTTGGACCCAGATATGGGAACCCCAAGGAGCAG 

AAGAAATATCTCCTGCTGTTTCACAGCCTCTTTAATCCCATGCTCAATCCCCITATCT 

GTAGTCTTAGGAACTCAGAAGTGAAGAATACTTTGAAGAGAGTGCTGGGAGTAGAA 

AGGGCTTTATGAAAAGGATTATfinrATT OTGACTnArAA (SEQ ID NO.: 23) 

MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYFFL 

SHLAVVDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLVVMSYDL 

YVAJCHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFeRPQKIYHFFCEILA 

VLKLACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFCTCFSH 

LCVIGLFYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTLKRV 
LGVERAL (SEQ ID NO.: 24) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
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NOV 12 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 

be used to detect nasal epithelial neuronal tissue. 

The NOV 12 polypeptide has a high degree of homology (approximately 99% identity) to 

a human olfactory receptor (OLFR) (EMBL Accession No.:095047), as is shown in Table 50. 
5 The NOV 1 2 polypeptide also has a high degree of homology (approximately 99% identity) to 

NOV2, as is shown in Table 51. Overall amino acid sequence identity within the mammalian OR 

family ranges from 45% to >80%. OR genes that are 80% or more identical to each other at the 

amino acid level are considered by convention to belong to the same subfamily. See Dryer and 

Berghard, Trends in Pharmacological Sciences , 1999, 20:413. Therefore, N0V12 and NOV2 are 
1 0 two members of the same OR subfamily. OR proteins have seven transmembrane a-helices 

separated by three extracellular and three cytoplasmic loops, vsdth an extracellular amino- 
' terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 

ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 

NOV 12 is predicted to have a seven transmembrane region, and is similar in that region to a 
15 representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 

Table 52. 



20 



30 



40 



TABLE SO. 

NOV12: 1 MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISIJ^SRIJIAPMYF 60 

****** **************** ********** 
OLFR: 1 MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 



NOV12: 61 FIiSHlAVVDIAYACim^PRI»tt,VNLUlPAKPISFAGRNWQTFLFSTFAVTECIALVVMSYD 120 
******** ******************* ******** ************************* 
25 OLFR: 61 FLSHLAVVDIAYACNTVPRMLVNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLWMSYD 120 

NOV12; 121 LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 

♦*********************************************************** 
OLFR: 121 LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 



NOV12: 181 LAVLKIACADTHINENMVlAGAISGLVGPLSTIWSyMCILCAILQIQSREV^ 240 

**************************** ***************************** ** 
OLFR: 181 LAVLKIACADTHINEimVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFRTC 240 



35 NOV12: 241 FSHLCVIGLFYGTAI IMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 
********* **♦**♦♦**♦♦**♦**♦♦ ♦*♦♦*********♦**♦♦***♦********** 
OLFR: 241 FSHLCTVIGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 



NOV12: 301 KRVLGVERAL 310 (SBQ ID NO.: 24) 



OLFR: 301 KRVLGVERAL 310 (SEQ ID NO. : 89) 

Where ♦ indicates identity. 
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TABLE 51. 



NOV12: 1 MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 

NOV2: 1 MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 

NOV12: 61 FLSHlAVVDIAYACNTVPRMIiWLLHPAKPISFAGRMMQTFLFSTFAVTECLLLVVMSYD 120 

N0V2: 61 FLSHIAVVDIAYACNTVPRMLVNLiaPAKPISFAGRmQTFLFSTFAVTECIJ^LVW 120 

NOV12: 121 LWAICHPLRYIiAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 

NOV2: 121 LYVAICHPLRYIAIMTWRVCITXAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 

N0V12: 181 IiAVLKIACADTHINENMVIiAGAISGLVGPLSTIVVSYMCILCAILQlQSREVQRKAFCTC 240 

NOV2: 181 LAVLKIACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFRTC 240 

NOV12: 241 FSHLCVIGLFYGTAI IMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 
********* ****************************** *****.*«*««***^^««^«« 

NOV2: 241 FSHLCVIGLVYGTAIIIW^GPRYGNPKEQKKYI^LFHSLFNPMIJ«PLICSLRNSEVKOT 300 

NOV12: 301 KRVLGVERAL 310 (SEQ ID NO.: 24) 
********** 

NOV2: 301 KRVLGVERAL 310 (SEQ ID NO.: 4) 

Where * indicates identity. 
TABLE 52. 

NOV12 : 53 RLHAPI^FFLSHIJIVVDIAYACNTVPRMLVNLUIPAKPISFAGRMMQTFLFSTPAVTECL 112 
GPCR: 14 AI^TTTNYLIVSLAVADLLVATIiVMPW\AnrLEWGEWKFSRIHCDIFVTLDV^^ 73 

NOV12: 113 LLVVMSYDLYVAICHPLRYIiAIMTW-RVCITl^VTSWTTGVLLSLIHLVLIiLPLPFCRPQ 171 
GPCR: 74 NLCAISIDRYTAVAMPMLYNTRYSSKJ^RVTVMIAIVWVLSFTISCPMLFGLNNTDQN^ 131 

NOV12: 172 KIYHFFCEIIAVIJCIACADTHINENMVIAGAISGLVGPLSTIWSYMCILCAILQIQSR 231 
GPC3R: 132 -CIIANPAF WYSSIVSFYVPFIVTLLVYIKIYIVIJ«IRRKRV 173 

NOV12: 232 VQRK 235 (SEQ ID NO.: 90) 
GPCR: 174 NTKR 177 (SEQ ID NO. : 91) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOVl 2 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV 12 satisfies a need in the art by providing new diagnostic or therapeutic 
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compositions usefVil in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
5 neurogenesis, cancer and wound healing. 



NOV13 

A "NOVl 3 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 

10 (GPCR) superfamily of proteins. A NOV13 nucleic acid and its encoded.polypeptide includes 
the sequences shovm in Table 53. The disclosed nucleic acid (SEQ ID NO:25) is 908 
nucleotides in length and contains an open reading frame (ORF) that begins with an ATG 
initiation codon at nucleotides 75-77 and ends with aTAA stop codon at nucleotides 901-903. 
The representative ORF encodes a 270 amino acid polypeptide (SEQ ID NO:26). Putative 

1 5 untranslated regions up- and downstream of the coding sequence arc underlined in SEQ ID NO: 
25. 



TABLE S3. 

TnTATCTOGTCACOnTGCTGAnnAACCTGr.TCAGCATCCTGGCTGTC AGCTCTGACT 
20 CCCACCCCCACACACCC ATGTACTTCTTCCTCTCCAACCTGTGCTGGGCTGACATCG 
GTTTCACCTTGGCCACGGTTCCCAAGATGATTGTGGACATGGGGTCGCATAGCAGAG 
TCATCTCTTATGAGGGCTGCCTGACACAGATGTCTTTCTTTGTCCTTTTTGCATGTAT 
AGAAGACATGCTCCTGACTGTGATGGCCTATGACCAATTTGTGGCCATCTGTCACCC 
CCTGCACTACCCAGTCATCATGAATCCTCACCTCTGTGTCTTCTTAGTTTTGGTTTCTT 
25 TTTTCCTTAGCCTGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACAATTCACCTT 
CTTCAAGAATGTGGAAATCTCTAATTTTTTCTGTGATCCATCTCAACTTCTCAACCTT 
GCCTGTTCTGACGGCATCATCAATAGCATATTCATATATTTAGATAGTATTCTGTTCA 
GTTTTCTTCCCATTTCAGGGATCCTTTTGTCTTACTATAAAATTGTCCCCTCCATTCTA 
AGAATTTCATCGTCAGATGGGAAGTATAAAGCCTTCTCCATCTGTGGCTCTCACCTG 
30 GCAGTTGTTTGCTTATTTTATGGAACAGGCATTGGCGTGTACCTAACTTCAGCTGTGT 
eACCACCCCCeAGGAATGGTGTGGTGGCGTCAGTGATGTATGCTGTGGTCACCCCCA 
TGCTGAACCCTTTCATCTACAGCCTGAGAAACAGGGATATACA AAGTG TCCTGCGGA 
GGCTGTGCAGCAGAACAGTCGAATCTCATGATATGTTCCATCCTTTTTCTTGTGTGGG 
TGAGAAAGGGCAACCACATTAAATCTCTACATCTGTAAAICCT (SEQ ID NO.: 25) 

35 

MYFFLSNLCWADIGFTLATVPKMIVDMGSHSRVISYEGCLTQMSFFVLFACIEDMLLTV 

MAYDQFVAICHPLHYPVIMNPHLCVFLVLVSFFLSLLDSQLHSWIVLQFTFFKNVEISNFF 

CDPSQLLNLACSDGIINSIFIYLDSILFSFLPISGILLSYYKIVPSILRJSSSDGKYKAFSICGSH 
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LAVVCLFVGTGIGVYLTSAVSPPPRNGVVASVMYAVVTPMLNPFIYSLRNRnioSVI RR 
LCSRTVESHDMFHPFSCVGEKGQPH(SEQIDNO.:26) ^iv^^^vlkk 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV 13 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

The NOV 13 polypeptide has homology (approximately 73% identity, 83% similarity) to 
a human olfactory receptor (OLFR) (EMBL Accession No.:Q9UPJl), as is shown in Table 54. 
Overall amino acid sequence identity within the mammalian OR family ranges from 45% to 
>80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamHy. See Dryer and Berghard, Trends in 
Pharmacolopical Sciences , 1999. 20:413. OR proteins have seven transmembrane a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligmcnt suggests that the 
ligand-binding domain of the ORs Is between the second and sixth transmembrane domains. 
NOVl 3 is predicted to have a seven transmembrane region, and is similar in that region to a 
representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
Table 55. 

TABLE 54 

NOV12: 1 MYFFLSNLCWADIGFTLATVPKMIVDMGSHSRVISYEGCLTQMSFPVLFACIEDMLLTVM 60 
******** ****** ***♦♦*««. +***«*******«♦*•»*♦. 

OLFR: 1 MYFFLSNLSIJUJIGFTSTWPKMIVDMQTHSRVISYEGCLTQMSFFVLFACMJDMLLSVM 60 

N0V12: 61 AYDQFVAICHPLHYPVIMNPHLCVFLVLVSFFLSLLDSQLHSWIVLQFTPFKNVEISNFF 120 
***+********** **+*+**♦+**♦*****+ *+** « *»+.+...*• 

OLFR: 61 AyDRFVAICHPLHYRIIMNPRLCGPLII.LSPPISLLDSQLHNI,IflLQLTCPKDVDISNPP 120 

NOV12: 121 CDPSQLLNLACSDGIINSIPiyLDSH,FSFI.PISGILLSYyKIVPSILRISSSDGKYKAP 180 



*******+* *** ♦* + ^, **♦»*♦. *..^ +*«.»...* 

DGKYKAF 180 



OLFR: 121 CDPSQLLHLRCSDTFINBMVIYFMGAIFGCLPISGILFSYYKIVSPILRVPTS; 



NOV12: 181 SICGSHLAWCLFYGTGIGVYLTSAVSPPPRNGWASVMYAWTPMLNPI 



* *****•**««»*, .*+*** * *♦ +**♦.«♦ *♦****♦< 



PFIYSLRKRDIQ 240 

OLFR: 181 STCGSHLAVVCLFYGTGLVGYLSSAVLPSPRKSMVASVMYTWTPMLNPP^YSLwJSJq 240 
NOV12: 241 SVLRRLCSRTVBSHDMFHPPSCVG 263 (SEQ ID NO. : 24) 
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OLFR: 241 SALCRLHCRIIKSHKL-HPFCYMG 263 (SEQ ID NO. : 92) 

Where * indicates identity and + indicates similarity. 
5 TABLE 55 

NOV13: 1 MyPFLSNLCWADIGFTIJVTVPKMIVDMGSHSRVISYEGCLTQMSFFVLFACIEDMLLTVM 60 
GPCR: 19 TNYLIVSIAVADLLVATLVMPWWYLEWGEVWFSRIHCDIFNrriiDVMMCTM 78 

NOV13:61 AYDQFVAICHPLHYPVimPHLCVFLVLVSFFLSLLDSQLHSWIVLQFTF-FKNVEISNF 119 
10 GPCR: 79 SIDRYTAVAMPMLYNTRYSSKRRVTVMIAIWTVLSF TISCPMLFGLNNTDQNECI 133 

NOV13:120 FCDPSQLLNLACSDGIINSIFiyLDSILFSFLPISGILLSYYKIVPSILRISSS 173 
(SEQ ID NO. : 93) 

GPCR: 134 lANPAFW YSSIVSFYVPFIVTLLVYIKIYIVLRRRRKR 172 

15 (SEQ ID NO. : 94) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
^ involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 

20 NOV 13 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOVl 3 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated >vith alterations in the expression of 
25 members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and woimd healing. 

30 Table 56 shows a multiple sequence alignment of NOVl -13 polypeptides with the known 

human olfactory receptor lOJl (GenBank Accession No.: P30954), indicating the homology 
between the present invention and known members of a protein family. 



TABLE 56. 



35 NOV4 MRGFNKT- -TVVTQFIbVGFSSLGELQ- -liLLFVIFLLLYLTILVANVTIMA 

NOV3 MRGFNKT- -TWTQFILVGFSSLGELQ- -LLLFVIFLLLYLTILVANVTIMA 

OR l 0 Jl MLLCFRFGNQSMKRENFTLITDFVFQGFSSFHEQQ- - ITLFGVFLALYILTLAGNII IVT 

NOVIO MNPANHSQVAGFVbUSLSQVWELR- -FVFFTVFSAVYFMTWGNLLIW 

NOVl 2 MGDNI TS I T - EFL.LLGFP VG PR IQ - - MLLFGLFSLF YVFTL.LGNGTI LG 

40 NOVll MGDNITSIT-EFliULGFPVGPRIQ- -MLLFGLFSLFYVFTLLGNGTILG 

NOV2 MGDNITSIR-EFLLLGFPVGPRIQ- -MLLPGLFSLFYVFTLLGNGTILG 
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NOV9 MGDVNQSVASDFILVGLFSHSGSR--QLL.FSLVAVMFVIGLLGNTVLLF 

NOV8 MGDVNQSVASDFIIiVGIiFSHSGSR- -QLLFSLVAVMFVIGLLGNTVIiLF 

NOVl_ MEGKNQTNISEFLLLGFSSWQQQQ- -VLLFALFLCLYLTGLFGNLLILL 

NOV6 MYMVTVIiRNLLSIL 

NOV5 

NOV13 

NOV7 TEPRNLTGVSEFLLLGLSEDPELQPVLALLSLSLSMYLVTVLRNLLSIP 

NOV4 VIRFSWTIJlTPMYGFLFILSFSESCyTFVIIPQLLVHIiliSDTKTISLMACATQIiPFFIiGF 

NOV3 VIRFSWTLHTPMYGFLFILSPSESCyTFVIIPQLLVHLLSDTKTISFMACATQLPFFLGF 
OR_10J1 IIRIDLHLHTPMYFFLSMLSTSETVYTLVILPRMLSSLVGMSOPMSLAGCATQMFFFVTF 

NOVIO IVTSDPHLHTTlwnrFLLGNLSFLDFCYSSITAPRMLVDLLSGNPTISFGGCLTQLPFFHFI 

NOV12 LISIJDSRLHAPMYFFLSHLAVVDIAYACNTVPRMLVNLLHPAKPI SFAGRMMQTFL 

NOVll LISLDSRLHAPMYFFLSHLAVVDIAYACNWPRMLVNLLHPAKPISFAGRMMQTFLFSTF 

NOV2 LISLDSRLHAPMYFFLSHIAVVDIAYACNTVPRML.VNIjIiHPAKPISFAGRMMQTFLFSTF 

NOV9 LIRVDSRLHTPMYFLLSQLSLFDIGCPMVTI PKMASDFLRGEGATSYGGGAAQI FFLTLM 

NOV8 LIRVDSRIiHTPMYFLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLM 

NOVl AIGSDHCIJITPMYPFLANLSLVDLCLPSATVPKMLI^IQTQTQTISYPGCIAQIWFCMMF 

NOV6 AVSSDSPLHTPMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRVISYEGCLTRMSFFVLF 

NOV5 PMCFFLSKLCSADIGFTLAMVPKMI VNMQSHSRVISYEGCLTRMSFFVLF 

NOVl 3 MYFFLSNLCWAD IGFTLATVPKMI VDMGSHSRVI S YEGCLTQMS FFVLF 

NOV7 AVSSDSHLHTPTYFFLS ILCWADIGFTSATVPKMI VDMQWYSRVI SHAGCLTQMSFLVLF 

NOV4 ACTNCLLIAVMGYDRYVAICHPLRYTLIINKRLGLELISLSGATGFFIALVATNLICDMR 

NOV3 ACTNCLLIAVMGYDRYVAICHPLRYTLIINKRIX3LELISLSGATGFFIALVATNLICDMR 

OR_10J1 GITNCFLLTAMGYDRYVAICNPIiRYMVINn^KRIJlIQLVLGACSIGLIVAITQVTSVFRIiP 

NOVIO GGIKIFZJ.TVMAYDRYIAISQPLHYTLimQTVCAI-LMAASWVGGFIHSIVQIALTIQLP 

NOV12 AVTECLLLVVMSYDLYVAICHPLRYl^IMTWRVCITLAVTSWTTGVIiLSLIHLVLLX-PLP 

NOVll AVTECnJLLVVMSYDLYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLP. 

NOV2 AVTE CLLLWMS YDIiYVAI CHPLR YLAIMTWRVC I TLAVTS WTTGVL.LS LI HLVLLLPLP 

NOV9 GVAEGVLLVIJ^S YDRYVAVCQPLQYPVIJ^RQVCLIJ^GSS WVVGVLJNAS IQ ITLHFP 

NOV8 GVAEGVLLVU»^SYDRYVAVCQPLOYPVL^^RQVCLLMMGSSWVVGVLNASIQTSITLHFP 

NOVl AN>IDNFLLTVMAYDRYVAICHPLHYSTIMALRLCASLVAAPWVIAILNPLI^TIiMN^ 

NOV6 ACMEDMIiLTVMAYDCFVAICRPIJIYPVIVNPHLCVFFVliVSFFLSPLDSQLHSWIVLliFT 

NOV5 ACMEDMLLTVMAYDCFVAI CRPLHYPVX VNPHLCVFFVLVS FFLS PLDSQLHS WI VLLFT 

NOV13 ACIEDMLLTVMAYIJQFVAICHPIJr^PVIMNPHLCTFLVLVSFFIiSLLDSQI-HSWIVM 

NOV7 ACIEGMLLTVMAYDCFVGIYRPLHYPVI VNPHLCVFFVLVS FFLSLLDSQLHS WI VLQPT 
.*:»*.**::.:.**:* :: : : . 

NOV4 FCGPNRVNHYFCDMAPVIKLACTDTHVKEIiALFSLSILVIMVPFLLILISYGFIVNTILK 

NOV3 FCGPNRVNHYFroMAPVIKLACTDTHVKELALPSLSILVIMVPFLLILISYGFIVNTILK 

OR_l 0 Jl FCAR - KVPHFFCDIRPVMKLSCIDTTVNEILTLI I SVLVLVVPMGLVFI S YVLI I STI LK 

NOVl 0 FCGPDKLDNFYCDVPQLIKIA(nT)TFVLELIJWSNNGLVTLMCFLVLLGS YTALL- W 

NOV12 FCRPQKIYHFFCEILAVLKLACADTHINENMVIiAGAISGLVGPLSTIVVSYMCXLCAIIiQ 

NOVll FCRPQKIYHFFCEILAVLKLACADTHINENMVIAGAXSGLVGPLSTIVVSYMCILCAILQ 

NOV2 FCRPQKIYHFFCEILAVLKIJ^CADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAIIjQ 

N0V9 YCASRIVDHFFCEVPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLS 

N0V8 YCASRIVDHFFCEVPALIjKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLS 

NOVl FCSDNVIHHFFCDINSLLPLSCSDTSLNQLSVLATVGLIFWPSVCILVSYILIVSAVMK 

NOV6 IIKNVEITNFVCEPSQLLNLACSDSVINNIFIYFDSTMFGFLPISGILLSYYKIVPSILR 

NOV5 IIKNVEITNFVCEPSQLLNLACSDSVINNIFIYFDSTMFGFLPISGILLSYYKIVPSILR 

NOV13 FFKNVEISNFFCDPSQLLNLACSDGIINSIFIYLDSILFSFLPISGILLSYYKIVPSILR 

NOV7 IIKNVEISNFVCDPSQLLKLASYDSVINSIFIYFDSTMFGFLPISGILSSYYKIVPSILR 
: : : * : ::♦:.* . . :♦*:::: 

NOV4 IPSAEG-KKAFVTCASHLTVVFVHYDCASIIYLRPKSKSASDKDQLVAVTYAVVTPLLNP 

NOV3 I PSAEG - KKAFVTCASHLTWFVHYGCAS 1 1 YLRPKSKS ASDKDQLVAVTYTWTPLLNP 

OR_l 0 Jl I AS VEGRKKAFATCASHLTVVIVHYSCASIAYLKPKSENTREHDQLISVTYTVITPLLNP 
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10 



NOVlO SHSREGRSKALSTCASHIAWTLIFVPCIYVYTRPFR- -TFP^IDKAVSVI,YTIVTPMLNP 

NOVl 2 I QSREVQRKAFCTCFSHLCV I GLFYGTAI IMYVGPRYGNPKEQKKYLLLFHSLFNPMliNP 

NOVll IQSREVQRKAFCTCFSHLCVIGLFYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNP 

NOV2 IQSREVQRKAFRTCFSHLCVIGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNP. 

NOV9 MRSEEARHKAVTTCSSHirWGLFYGAAVFMYTWPCAYHSPQQDNWSLFYSLVTPTLNP 

N0V8 MRSEEARHKAV^TCSSHITWGLFYGAAVF^m4VPCAYHSPQQDNWSLFYSLVTPTLNP 

NOVl vPSAQGKIJCAFSTCGSHIiALVlLFYGAITGVYMSPbSNHSTEKDSAASVIFMVVAPVIiNP 

NOV6 MSSSDGKYKGFSTCGSYlAVVCSFDGTGIGMYLTSAVSPPPRNG-VASVMYAVVrPMLNb 

NOV5 MSSSDGK^KGFSTCGSYIJVVVCSFDGTGIGMYLTSAVSPPPRNGVVASVMyAVVTPMIJJ^ 

NOV13 iSSSDGKYKAFSICGSHLAVVCLFYGTGIGVYIjTSAVSPPPRNGVVASVriYAVVTPMIiNP 

NOV7 MSSSDGKYKTFSTYGSHlxAFVCSFYGTGID^Ty'IASAMSPTPRNGVVVSVWXAVVTPM 



15 



20 



25 



NOV4 

NOV3 

R_10J1 

NOVIO 

NOVl 2 

NOVll 

NOV2 

N0V9 

NOV8 

NOVl 

NOV6 

NOV5 

NOV13 

NOV7 



LVYSLRNKEVKTALKR VLGMPVATKMS (SEQ ID NO. : 8) 

LVYSLRNKEVKTALKR VLGMPVATKMS (SEQ ID NO. : 6) 

WYTLRNKEVKDALCR AVGG KFS (SEQ ID NO. : 95) 

AIYTLRNKEVIMAMKKLWRRKKDPIGPLEHRPLH (SEQ ID NO.: 20) 

LICSLRNSEVKNTLKR VLG--VERAL (SEQ ID NO . : 24) 

LICSLRNSEVKNTLKR VLG--VERAL - (SEQ ID NO.: 22) 

LICSLRNSEVKNTLKR VLG--VERAL (SEQ ID NO.: 4) 

LIYSLRNPEVWMALVK VLSRAGLRQMCMTT (SEQ ID NO. : 18) 

LIYSLRNPEVWMALVK VLSRAGLRQMC (SEQ ID NO. : 16) 

FIYSLRNNELKGTLKKTLSRPGAVAHACNPSTLGGRGGWIMRSGDRDHPG (SEQ ID NO . : 2) 

FILSLGKRDIQSVLRRLCSRTVESHDMFHPFSCVGEKGQPH (SEQ ID NO. : 12) 

FIYSLGKRDIQSVLRRLCSRTVESHDMFHPFSCVG (SEQ ID NO . : 10) 

FIYSLRNRDIQSVLRRLCSRTVESHDMFHPFSCVGEKGQPH (SEQ ID NO. : 26) 

FIYSLRNRDIQSALRRLRSR (SEQ ID NO. : 14) 



30 Where indicates a single, ftilly conserved residue, ":" indicates conservation of strong 
groups, and indicates conservation of weak groups, and OR_10J1 is the known human 
olfactory receptor lOJl (GenBank Accession No.: P30954). 

The nucleic acids and proteins of the invention are useiul in potential therapeutic 
35 applications implicated in disorders of the neuro-olfactory system, such as those induced by 
trauma, surgery and/or neoplastic disorders. For example, a cDNA encoding the olfactory 
receptor protein may be useful in gene therapy for treating such disorders, and the olfactory 
receptor protein may be useful when administered to a subject in need thereof By way of 
nonlimiting example, the compositions of the present invention will have efficacy for treatment 
40 . of patients suffering from disorders of the neuro-olfactory system. The novel nucleic acids 
encoding olfactory receptor protein, and the olfactory receptor protein of the invention, or 
fragments thereof, may further be useful in the treatment of adenocarcinoma; lymphoma; prostate 
cancer; uterus cancer, immune response, AIDS, asthma, Crohn's disease, multiple sclerosis, 
treatment of Albright hereditary ostoeodystrophy, development of powerful assay system for 
45 functional analysis of various human disorders which will help in understanding of pathology of 
the disease, and development of new drug targets for various disorders. They may also be used 
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in diagnostic applications, wherein the presence or amount of the nucleic acid or the protein are 
to be assessed. These materials are further usefiil in the generation of antibodies that bind 
immunospecifically to the novel substances of the invention for use in therapeutic or diagnostic 
methods. 

5 

NOVX Nucleic Acids 

The nucleic acids of the invention include those that encode a NOVX polypeptide or 
protein. As used herein, the terms polypeptide and protein are interchangeable. 

In some embodiments, a NOVX nucleic acid encodes a mature NOVX polypeptide. As 
1 0 used herein, a "mature" foim of a polypeptide or protein described herein relates to the product 
of a naturally occurring polypeptide or precursor form or proprotein. The naturally occurring 
polypeptide, precursor or proprotein includes, by way of nonlimiting example, the full-length 
gene product, encoded by the corresponding gene. Alternatively, it may be defined as the 
polypeptide, precursor or proprotein encoded by an open reading frame described herein. The 
1 5 product "mature" form arises, again by way of nonlimiting example, as a result of one or more 

naturally occurring processing steps that may take place within the cell in which the gene product 
arises. Examples of such processing steps leading to a "mature" form of a polypeptide or protein 
include the cleavage of the N-terminal methionine residue encoded by the initiation codon of an 
open reading frame, or the proteolytic cleavage of a signal peptide or leader sequence. Thus a 
20 mature form arising from a precursor polypeptide or protein that has residues 1 to N, where 
residue 1 is the N-terminal methionine, would have residues 2 through N remaining after 
removal of the N-terminal methionine. Alternatively, a mature form arising from a precursor 
polypeptide or protein having residues 1 to N, in which an N-terminal signal sequence from 
residue 1 to residue M is cleaved, would have the residues fit)m residue M+1 to residue N 
25 remaining. Further as used herein, a "mature" form of a polypeptide or protein may arise from a 
step of post-translational modification other than a proteolytic cleavage event. Such additional 
processes include, by way of non-limiting example, glycosylation, myristoylation or 
phosphorylation. In general, a mature polypeptide or protein may result from the operation of 
only one of these processes, or a combination of any of them. 
30 Among the NOVX nucleic acids is the nucleic acid whose sequence is provided in SEQ 

ID NO: 1 , 3. 5, 7, 9, 1 1 , 1 3, 1 5. 1 7, 1 9. 2 1 . 23 or 25, or a fiagment thereof. Additionally, the 
invention includes mutant or variant nucleic acids of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 
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19, 21 , 23 or 25, or a fragment thereof, any of whose bases may be changed from the 
corresponding bases shown in SEQ ID NO: 1 , 3, 5, 7, 9, 1 1 , 1 3, 1 5, 1 7, 1 9, 2 1 , 23 or 25, while 
still encoding a protein that maintains at least one of its NOVX-like activities and physiological 
functions (/.e., modulating angiogenesis, neuronal development). The invention further includes 

5 the complement of the nucleic acid sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15. 17, 19, 21, 
23 or 25, including fragments, derivatives, analogs and homologs thereof. The invention 
additionally includes nucleic acids or nucleic acid fragments, or complements thereto, whose 
structures include chemical modifications. 

One aspect of the invention pertains to isolated nucleic acid molecules that encode 

1 0 NOVX proteins or biologically active portions thereof. Also included are nucleic acid fragments 
sufficient for use as hybridization probes to identify NOVX-encoding nucleic acids {e.g., NOVX 
mRNA) and fragments for use as polymerase chain reaction (PCR) primers for the amplification 
or mutation of NOVX nucleic acid molecules. As used herein, the term "nucleic acid molecule" 
is intended to include DNA molecules (e.g., cDNA or genomic DNA), RNA molecules {e.g., 

1 5 mRNA), analogs of the DNA or RNA generated using nucleotide analogs, and derivatives, 
fragments and homologs thereof. The nucleic acid molecule can be single-stranded or 
double-stranded, but preferably is double-stranded DNA. 

"Probes" refer to nucleic acid sequences of variable length, preferably between at least 
about 10 nucleotides (nt), 100 nt, or as many as about, e.g., 6,000 nt, depending on use. Probes 

20 are used in the detection of identical, similar, or complementary nucleic acid sequences. Longer 
length probes are usually obtained from a natural or recombinant source, are highly specific and 
much slower to hybridize than oligomers. Probes may be single- or double-stranded and 
designed to have specificity in PCR, membrane-based hybridization technologies, or ELISA-likc 
technologies. 

25 An "isolated" nucleic acid molecule is one that is separated from other nucleic acid 

molecules that are present in the natural source of the nucleic acid. Examples of isolated nucleic 
acid molecules include, but are not limited to, recombinant DNA molecules contained in a 
vector, recombinant DNA molecules maintained in a heterologous host cell, partially or 
substantially purified nucleic acid molecules, and synthetic DNA or RNA molecules. Preferably, 

30 an "isolated** nucleic acid is free of sequences which naturally flank-the nucleic acid (i.e., 

sequences located at the 5' and 3' ends of the nucleic acid) in the genomic DNA of the organism 
from which the nucleic acid is derived. For example, in various embodiments, the isolated 
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NOVX nucleic acid molecule can contain less than about 50 kb, 25 kb. 5 kb, 4 kb, 3 kb, 2 kb, 1 
kb, 0.5 kb or 0.1 kb of nucleotide sequences which naturally flank the nucleic acid molecule in 
genomic DNA of the cell from which the nucleic acid is derived. Moreover, an "isolated" 
nucleic acid molecule, such as a cDNA molecule, can be substantially free of other cellular 
5 material or culture medium when produced by recombinant techniques, or of chemical precursors 
or other chemicals when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g. , a nucleic acid molecule having the 
nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, or a 
complement of any of this nucleotide sequence, can be isolated using standard molecular biology 
1 0 techniques and the sequence information provided herein. Using all or a portion of the nucleic 
acid sequence of SEQ ID NO: 1, 3, 5. 7, 9, 1 1, 13, 15. 17. 19, 21, 23 or 25, as a hybridization 
probe, NOVX nucleic acid sequences can be isolated using standard hybridization and cloning 
techniques (e.g., as described in Sambrook et al., eds., MOLECULAR CLONING: A LABORATORY 
Manual 2"" Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1 989; and 
1 5 Ausubel, et al., eds., CURRENT PROTOCOLS IN MOLECULAR Biology, John WUey & Sons, New 
York, NY, 1993.) 

A nucleic acid of the invention can be amplified using cDNA, mRNA or alternatively, 
genomic DNA. as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an appropriate vector 
and characterized by DNA sequence analysis. Furthermore, oligonucleotides conesponding to 
NOVX nucleotide sequences can be prepared by standard synthetic techniques, e.g., using an 
• automated DNA synthesizer. 

As used herein, the term "oligonucleotide" refers to a series of linked nucleotide residues, 
which oligonucleotide has a sufficient number of nucleotide bases to be used in a PCR reaction. 
25 A short oligonucleotide sequence may be based on. or designed from, a genomic or cDNA 
sequence and is used to amplify, confirm, or reveal the presence of an identical, similar or 
complementary DNA or RNA in a particular cell or tissue. Oligonucleotides comprise portions 
of a nucleic acid sequence having about 10 nt, 50 nt, or 100 nt in length, preferably about 15 nt to 
30 nt in length. In one embodiment, an oligonucleotide comprising a nucleic acid molecule less 
than 100 nt in length would further comprise at lease 6 contiguous nucleotides of SEQ ID NO: 
1. 3, 5, 7, 9, 1 1. 13, 15. 17, 19. 21. 23 or 25. or a complement thereof Oligonucleotides may be 
chemically synthesized and may be used as probes. 
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In another embodiment, an isolated nucleic acid molecule of the invention comprises a 
nucleic acid molecule that is a complement of the nucleotide sequence shown in SEQ ID NO: 1 , 
3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, or a portion of this nucleotide sequence. A nucleic 
acid molecule that is complementar>' to the nucleotide sequence shown in SEQ ID NO: 1 , 3, 5, 

5 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25 is one that is sufficiently complementary to the nucleotide 
sequence shown in SEQIDNO: 1,3,5,7,9, 11, 13, 15, 17, 19, 21, 23 or 25 that it can hydrogen 
bond with little or no mismatches to the nucleotide sequence shown in SEQ ID NO: 1, 3, 5, 7, 9, 
1 1 , 1 3, 1 5, 1 7, 1 9, 21 , 23 or 25, thereby forming a stable duplex. 

As used herein, the term "complementary" refers to Watson-Crick or Hoogsteen base 

1 0 pairing between nucleotide units of a nucleic acid molecule, and the term "binding" means the 
physical or chemical interaction between two polypeptides or compounds or associated 
polypeptides or compounds or combinations thereof Binding includes ionic, non-ionic. Von der 
Waals, hydrophobic interactions, etc. A physical interaction can be either direct or indirect. 
Indirect interactions may be through or due to the effects of another polypeptide or compound. 

15 Direct binding refers to interactions that do not take place through, or due to, the effect of another 
polypeptide or compound, but instead are without other substantial chemical intermediates. 

Moreover, the nucleic acid molecule of the invention can comprise only a portion of the 
nucleic acid sequence of SEQ ID NO: 1 , 3, 5, 7, 9, 1 1 , 1 3, 1 5, 1 7, 1 9, 2 1 , 23 or 25, e.g. , a 
fragment that can be used as a probe or primer, or a fragment encoding a biologically active 

20 portion of NOVX. Fragments provided herein are defined as sequences of at least 6 (contiguous) 
nucleic acids or at least 4 (contiguous) amino acids, a length sufficient to allow for specific 
hybridization in the case of nucleic acids or for specific recognition of an epitope in the case of 
amino acids, respectively, and are at most some portion less than a fiill length sequence. 
Fragments may be derived from any contiguous portion of a nucleic acid or amino acid sequence 

25 of choice. Derivatives are nucleic acid sequences or amino acid sequences formed from the 

native compounds either directly or by modification or partial substitution. Analogs are nucleic 
acid sequences or amino acid sequences that have a structure similar to, but not identical to, the 
native compound but differs from it in respect to certain components or side chains. Analogs 
may be synthetic or from a different evolutionary origin and may have a similar or opposite 

30 metabolic activity compared to wild type. 

Derivatives and analogs may be frill length or other than full length, if the derivative or 
analog contains a modified nucleic acid or amino acid, as described below. Derivatives or 
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analogs of the nucleic acids or proteins of the invention include, but are not limited to, molecules 
comprising regions that are substantially homologous to the nucleic acids or proteins of the 
invention, in various embodiments, by at least about 70%, 80%, 85%, 90%, 95%, 98%, or even 
99% identity (with a preferred identity of 80-99%) over a nucleic acid or amino acid sequence of 
5 identical size or when compared to an aligned sequence in which the alignment is done by a 
computer homology program known in the art, or whose encoding nucleic acid is capable of 
hybridizing to the complement of a sequence encoding the aforementioned proteins under 
stringent, moderately stringent, or low stringent conditions. See e.g. Ausubel, et oL, Current 
Protocols in Molecular Biology, John Wiley & Sons, New York, NY, 1993, and below. An 
10 exemplary program is the Gap program (Wisconsin Sequence Analysis Package, Version 8 for 
UNIX, Genetics Computer Group, University Research Park, Madison, WI) using the default 
settings, which uses the algorithm of Smith and Waterman (Adv. Appl. Math., 1981, 2: 482-489 
which is incorporated herein by reference in its entirety). 

A "homologous nucleic acid sequence'' or "homologous amino acid sequence," or 
1 5 variations thereof, refer to sequences characterized by a homology at the nucleotide level or 

amino acid level as discussed above. Homologous nucleotide sequences encode those sequences 
coding for isoforms of a NOVX polypeptide. Isoforms can be expressed in different tissues of 
the same organism as a result of, for example, alternative splicing of RNA. Alternatively, 
isoforms can be encoded by different genes. In the present invention, homologous nucleotide 
20 sequences include nucleotide sequences encoding for a NOVX polypeptide of species other than 
humans, including, but not limited to, mammals, and thus can include, e,g., mouse, rat, rabbit, 
dog, cat cow, horse, and other organisms. Homologous nucleotide sequences also include, but 
are not limited to, naturally occurring allelic variations and mutations of the nucleotide sequences 
set forth herein. A homologous nucleotide sequence does not, however, include the nucleotide 
25 sequence encoding human NOVX protein. Homologous nucleic acid sequences include those 
nucleic acid sequences that encode conservative amino acid substitutions (see below) in SEQ ID 
NO: 2, 4, 6, 8, 1 0, 12, 14, 1 6, 1 8, 20. 22, 24 or 26, as well as a polypeptide having NOVX 
activity. Biological activities of the NOVX proteins are described below. A homologous amino 
acid sequence does not encode the amino acid sequence of a human NOVX polypeptide. 
30 The nucleotide sequence determined from the cloning of the human NOVX gene allows 

for the generation of probes and primers designed for use in identifying and/or cloning NOVX 
homologues in other cell types, ^.g., from other tissues, as well as NOVX homologues from 
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Other mammals. The probe/primer typicaUy comprises a substantially purified oligonucleotide. 
The oligonucleotide typically comprises a region of nucleotide sequence that hybridizes under 
stringent conditions to at least about 12, 25, 50, 100, 150, 200, 250, 300, 350 or 400 or more 
consecutive sense strand nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 
5 23 or 25; or an anti-sense strand nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 
19,21,23 or 25; or of a naturally occurring mutant of SEQ ID NO: 1,3, 5, 7,9, 11, 13, 15, 17, 
19,21.23 or 25. 

Probes based on the human NOVX nucleotide sequence can be used to detect transcripts 
or genomic sequences encoding the same or homologous proteins. In various embodiments, the 

10 probe further comprises a label group attached thereto, e.g., the label group can be a radioisotope, 
a fluorescent compound, an enzyme, or an enzyme co-factor. Such probes can be used as a part 
of a diagnostic test kit for identifying cells or tissue which misexpress a NOVX protein, such as 
by measuring a level of aNOVX-cncoding nucleic acid in a sample of cells from a subject e.g., 
detecting NOVX mRNA levels or determining whether a genomic NOVX gene has been mutated 

15 or deleted. 

A "polypeptide having a biologically active portion of NOVX" refers to polypeptides 
exhibiting activity similar, but not necessarily identical to, an activity of a polypeptide of the 
present invention, including mature fomis, as measured in a particular biological assay, v^th or 
without dose dependency. A nucleic acid fragment encoding a "biologically active portion of 

20 NOVX" can be prepared by isolating a portion of SEQ ID NO: 1, 3, 5, 7, 9, 11,13, 15, 17, 19, 
21, 23 or 25 that encodes a polypeptide having a NOVX biological activity (biological activities 
of the NOVX proteins are described below), expressing the encoded portion of NOVX protein 
(e.g., by recombinant expression in vitro) and assessing the activity of the encoded portion of 
NOVX. For example, a nucleic acid fragment encoding a biologically active portion of NOVX 

25 can optionally include an ATP-binding domain. In another embodiment, a nucleic acid fragment 
encoding a biologically active portion of NOVX includes one or more regions. 

NOVX Variants 

The invention further encompasses nucleic acid molecules that differ from the nucleotide 
30 sequences shown in SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25 due to the 

degeneracy of the genetic code. These nucleic acids thus encode the same NOVX protein as that 
encoded by the nucleotide sequence shov^ in SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 
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23 or 25 e.g., the polypeptide of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 1 6, 18, 20, 22, 24 or 26. In 
another embodiment, an isolated nucleic acid molecule of the invention has a nucleotide 
sequence encoding a protein having an amino acid sequence shown in SEQ ID NO: 2, 4, 6, 8, 10, 
12,14, 16, 18, 20, 22, 24 or 26. 

In addition to the human NOVX nucleotide sequence shown in SEQ ID NO: 1,3,5, 7, 9, 
1 1 , 1 3, 1 5, 1 7, 1 9, 2 1 , 23 or 25, it will be appreciated by those skilled in the art that DNA 
sequence polymorphisms that lead to changes in the amino acid sequences of NOVX may exist 
within a population (e.g., the human population). Such genetic polymorphism in the NOVX 
gene may exist among individuals within a population due to natural allelic variation. As used 
herein, the terms "gene" and "recombinant gene" refer to nucleic acid molecules comprising an 
open reading frame encoding a NOVX protein, preferably a mammalian NOVX protein. Such 
natural allelic variations can typically result in 1-5% variance in the nucleotide sequence of the 
NOVX gene. Any and all such nucleotide variations and resulting amino acid polymoiphisms in 
NOVX that are the result of natural allelic variation and that do not alter the Ainctional activity of 
NOVX are intended to be within the scope of the invention. 

Moreover, nucleic acid molecules encoding NOVX proteins from other species, and thus 
that have a nucleotide sequence that differs from the human sequence of SEQ ID NO: 1, 3, 5, 7, 
9, 1 1, 13, 15, 17, 19, 21, 23 or 25 are intended to be within the scope of the invention. Nucleic 
acid molecules corresponding to natural allelic variants and homologues of the NOVX cDNAs of 
the invention can be isolated based on their homology to the human NOVX nucleic acids 
disclosed herein using the human cDNAs, or a portion thereof, as a hybridization probe 
according to standard hybridization techniques under stringent hybridization conditions. For 
example, a soluble human NOVX cDNA can be isolated based on its homology to human 
membrane-bound NOVX. Likewise, a membrane-bound human NOVX cDNA can be isolated 
based on its homology to soluble human NOVX. 

Accordingly, in another embodiment, an isolated nucleic acid molecule of the invention 
is at least 6 nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
molecule comprising the nucleotide sequence of SEQ ID NO: 1 , 3, 5, 7, 9, 1 1 , 1 3, 1 5, 1 7, 1 9, 2 1 , 
23 or 25. In another embodiment, the nucleic acid is at least 1 0, 25, 50, 100, 250, 500 or 750 
nucleotides in length. In another embodiment, an isolated nucleic acid molecule of the invention 
hybridizes to the coding region. As used herein, the term "hybridizes under stringent conditions" 
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is intended to describe conditions for hybridization and washing under which nucleotide 
sequences at least 60% homologous to each other typically remain hybridized to each other. 

Homologs (r.e., nucleic acids encoding NOVX proteins derived from species other than 
human) or other related sequences (e.g., paralogs) can be obtained by low, moderate or high 
stringency hybridization with all or a portion of the particular human sequence as a probe using 
methods well known in the art for nucleic acid hybridization and cloning. 

As used herein, the phrase "stringent hybridization conditions" refers to conditions under 
which a probe, primer or oligonucleotide will hybridize to its target sequence, but to no other 
sequences. Stringent conditions are sequence-dependent and will be different in different 
circumstances. Longer sequences hybridize specifically at higher temperatures than shorter 
sequences. Generally, stringent conditions are selected to be about 5°C lower than the thennal 
melting point (T^ for the specific sequence at a defined ionic strength and pH. The Tm is the 
temperature (under defined ionic strength, pH and nucleic acid concentration) at which 50% of 
the probes complementary to the target sequence hybridize to the target sequence at equilibrium. 
Since the target sequences are generally present at excess, at Tm, 50% of the probes are occupied 
at equilibrium. Typically, stringent conditions will be those in which the salt concentration is 
less than about 1.0 M sodium ion, typically about 0.01 to l.O M sodium ion (or other salts) at pH 
7.0 to 8.3 and the temperature is at least about 30®C for short probes, primers or oligonucleotides 
(e.g., 10 nt to 50 nt) and at least about 60**C for longer probes, primers and oligonucleotides. 
Stringent conditions may also be achieved with the addition of destabilizing agents, such as 
formamide. 

Stringent conditions are known to those skilled in the art and can be foimd in Current 
Protocols in Molecular Biology. John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. Preferably, 
the conditions are such that sequences at least about 65%, 70%, 75%, 85%, 90%, 95%, 98%, or 
99% homologous to each other typically remain hybridized to each other. A non-limiting 
example of stringent hybridization conditions is hybridization in a high salt buffer comprising 6X 
SSC, 50 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.02% BSA, and 500 
mg/ml denatured salmon sperm DNA at 65*^0. This hybridization is followed by one or more 
washes in 0.2X SSC, 0.01% BSA at 50X. An isolated nucleic acid molecule of the invention 
that hybridizes under stringent conditions to the sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 
15, 17, 19. 21, 23 or 25 corresponds to a naturally occurring nucleic acid molecule. As used 
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herein, a "naturally-occurring" nucleic acid molecule refers to an RNA or DNA molecule having 
a nucleotide sequence that occurs in nature (e.g., encodes a natural protein). 

In a second embodiment, a nucleic acid sequence that is hybridizable to the nucleic acid 
molecule comprising the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 
5 23 or 25, or fragments, analogs or derivatives thereof, under conditions of moderate stringency is 
provided. A non-limiting example of moderate stringency hybridization conditions are 
hybridization in 6X SSC, 5X Denhardt's solution, 0.5% SDS and 1 00 mg/ml denatured salmon 
sperm DNA at 55°C, followed by one or more washes in IX SSC, 0.1% SDS at 37^C. Other 
conditions of moderate stringency that may be used are well known in the art. See, e,g.\ Ausubel 
10 et al feds.), 1993, CURRENT PROTOCOLS IN Molecular Biology, John Wiley & Sons, NY, and 
Kriegler, 1990, Gene TRANSFER and Expression, A Laboratory Manual, Stockton Press, 
NY. 

In a third embodiment, a nucleic acid that is hybridizable to the nucleic acid molecule 
comprising the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, 

15 or fragments, analogs or derivatives thereof, under conditions of Ibw stringency, is provided. A 
non-limiting example of low stringency hybridization conditions are hybridization in 35% 
formamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0.02% PVP, 0.02% Ficoll, 0.2% 
BSA, 100 mg/ml denatured salmon sperm DNA, 10% (wt/vol) dextran sulfate at 40**C, followed 
by one or more washes in 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA, and 0. 1 % SDS at 

20 50°C. Other conditions of low stringency that may be used are well known in the art (e.g., as 
employed for cross-species hybridizations). See, e.g., Ausubel et al ^eds.), 1993, Current 
Protocols jn Molecular Biology, John Wiley & Sons, NY, and Kriegler, 1990, Gene 
Transfer and Expression, A Laboratory Manual, Stockton Press, NY; Shilo and 
Weinberg, l9S\,Proc Natl Acad Set USA 78: 6789-6792. 

25 

Conservative mutations 

In addition to naturally-occurring allelic varisints of the NOVX sequence that may exist in 
the population, the skilled artisan will further appreciate that changes can be introduced by 
mutation into the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 
30 25, thereby leading to changes in the amino acid sequence of the encoded NOVX protein, 
without altering the functional ability of the NOVX protein. For example, nucleotide 
substitutions leading to amino acid substitutions at "non-essential" amino acid residues can be 
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made in the sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25. A 
"non-essential" amino acid residue is a resfdue that can be altered from the wild-type sequence of 
NOVX without altering the biological activity, whereas an "essential" amino acid residue is 
required for biological activity. For example, amino acid residues that are conserved among the 
5 NOyX proteins of the present invention, are predicted to be particularly unamenable to 
eilteration. 

Another aspect of the invention pertains to nucleic acid molecules encoding NOVX 
proteins that contain changes in amino acid residues that are not essential for activity. Such 
NOVX proteins differ in amino acid sequence from SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 
10 . 22, 24 or 26, yet retain biological activity. In one embodiment, the isolated nucleic acid 

■ molecule comprises a nucleotide sequence encoding a protein, wherein the protein comprises an 
' amino acid sequence at least about 75% homologous to the amino acid sequence of SEQ ID NO: 
2, 4, 6, or 8. Preferably, the protein encoded by the nucleic acid is at least about 80% 
homologous to SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26, more preferably at 
1 5 least about 90%, 95%, 98%, and most preferably at least about 99% homologous to SEQ ID NO: 
2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. 

An isolated nucleic acid molecule encoding a NOVX protein homologous to the protein 
of can be created by introducing one or more nucleotide substitutions, additions or deletions into 
the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, such that 
20 one or more amino acid substitutions, additions or deletions are introduced into the encoded 
protein. 

Mutations can be introduced into the nucleotide sequence of SEQ ID NO; 1, 3, 5, 7, 9, 
11, 13, 15, 17, 19, 21, 23 or 25 by standard techniques, such as site-directed mutagenesis and 
PCR-mediated mutagenesis. Preferably, conservative amino acid substitutions are made at one 

25 or more predicted non-essential amino acid residues. A "conservative amino acid substitution" is 
one in which the amino acid residue is replaced with an amino acid residue having a similar side 
chain. Families of amino acid residues having similar side chains have been defined in the art. 
These families include ammo acids with basic side chains (e.g., lysine, arginine, histidine), acidic 
side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, 

30 asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, 
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side 
chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g, tyrosine, phenylalanine, 
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tryptophan, histidine). Thus, a predicted nonessential amino acid residue in NOVX is replaced 
with another amino acid residue from the same side chain family. Alternatively, in another 
embodiment, mutations can be introduced randomly along all or part of a NOVX coding 
sequence, such as by saturation mutagenesis, and the resultant mutants can be screened for 
5 NOVX biological activity to identify mutants that retain activity. Following mutagenesis of 
SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25 the encoded protein can be expressed 
by any recombinant technology known in the art and the activity of the protein can be 
determined. 

In one embodiment, a mutant NOVX protein can be assayed for (1) the ability to form 
1 0 proteinrprotein interactions with other NOVX proteins, other cell-surface proteins, or 

biologically active portions thereof, (2) complex formation between a mutant NOVX protein and 
a NOVX receptor; (3) the ability of a mutant NOVX protein to bind to an intracellular target 
protein or biologically active portion thereof; (e.g., avidin proteins); (4) the ability to bind 
NOVX protein; or (5) the ability to specifically bind an anti-NOVX protein antibody. 

15 

Antisense NOVX Nucleic Acids 

Another aspect of the invention pertains to isolated antisense nucleic acid molecules that 
are hybridizable to or complementary to the nucleic acid molecule comprising the nucleotide 
sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, or fragments, analogs or 

20 derivatives thereof. An "antisense" nucleic acid comprises a nucleotide sequence that is 

complementary to a "sense" nucleic acid encodmg a protein, e.^., complementary to the coding 
strand of a double-stranded cDNA molecule or complementary to an mRNA sequence. In 
specific aspects, antisense nucleic acid molecules are provided that comprise a sequence 
complementary to at least about 10, 25, 50, 1 00, 250 or 500 nucleotides or an entire NOVX 

25 coding strand, or to only a portion thereof. Nucleic acid molecules encoding fragments, 

homologs, derivatives and analogs of a NOVX protein of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 
18, 20, 22, 24 or 26 or antisense nucleic acids complementary to a NOVX nucleic acid sequence 
of SEQ ID NO: 1,3, 5, 7,9, 11, 13, 15, 17, 19,21,23 or 25 are additionally provided. 

In one embodiment, an antisense nucleic acid molecule is antisense to a "coding region" 

30 of the coding strand of a nucleotide sequence encoding NOVX. The term "coding region" refers 
to the region of the nucleotide sequence comprising codons which are translated into amino acid 
residues (e.g., the protein coding region of human NOVX corresponds to SEQ ID NO: 2, 4, 6, 8, 
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10, 12, 14, 16, 18, 20, 22, 24 or 26). In another embodiment, the antisense nucleic acid molecule 
is antisense to a "noncoding region" of the coding strand of a nucleotide sequence encoding 
NOVX. The term "noncoding region" refers to 5* and 3* sequences which flank the coding region 
that are not translated into amino acids {i.e.y also referred to as 5* and 3* untranslated regions). 
5 Given the coding strand sequences encoding NOVX disclosed herein (e.g., SEQ ID NO: 

1,3,5,7, 9, 11, 13, 15, 17, 19, 21,23 or 25), antisense nucleic acids of the invention can be 
designed according to the rules of Watson and Crick or Hoogsteen base pairing. The antisense 
nucleic acid molecule can be complementary to the entire coding region of NOVX mRNA, but 
more preferably is an oligonucleotide that is antisense to only a portion of the coding or 

1 0 noncoding region of NOVX mRNA. For example, the antisense oligonucleotide can be 
complementary to the region surrounding the translation start site of NOVX mRNA. An 
antisense oligonucleotijde can.be, for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 
nucleotides in length. An antisense nucleic acid of the invention can be constmcted using 
chemical synthesis or enzymatic ligation reactions using procedures known in the art. For 

1 5 example, an antisense nucleic acid (e.g., an antisense oligonucleotide) can be chemically 

synthesized using naturally occurring nucleotides or variously modified nucleotides designed to 
increase the biological stability of the molecules or to increase the physical stability of the duplex 
formed between the antisense and sense nucleic acids, e.g., phosphorothioate derivatives and 
acridine substituted nucleotides can be used. 

20 Examples of modified nucleotides that can be used to generate the antisense nucleic acid 

include: 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 
4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl- 
2-thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil, beta-D-galactosylqueosine, 
inosine, N6-isopentenyladenine, l-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 

25 2-methyladcnine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 
7-methylguanine, 5-methylaminomethyluracil, 5-methoxyaminomethyI-2-thiouracil, 
beta-D-mannosylqueosine, 5'-mcthoxycarboxymethyluracil, 5-methoxyuracil, 

2- methylthio-N6-i5opentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyl-2-thiouraciI, 2-thiouracil, 4-thiouracil, 5-methyluracil, 

30 uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 

3- (3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the 
antisense nucleic acid can be produced biologically using an expression vector into which a 
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nucleic acid has been subcloned in an antisense orientation {Le,, RNA transcribed from the 
inserted nucleic acid will be of an antisense orientation to a target nucleic acid of interest, 
described further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered to a 
subject or generated in situ such that they hybridize with or bind to cellular mRNA and/or 
genomic DNA encoding a NOVX protein to thereby inhibit expression of the protein, e.g., by 
inhibiting transcription and/or translation. The hybridization can be by conventional nucleotide 
complementarity to form a stable duplex, or, for example, in the case of an antisense nucleic acid 
molecule that binds to DNA duplexes, through specific interactions in the major groove of the 
double helix. An example of a route of administration of antisense nucleic acid molecules of the 
invention includes direct injection at a tissue site. Alternatively, antisense nucleic acid molecules 
can be modified to target selected cells and then administered systemically. For example, for 
systemic administration, antisense molecules can be modified such that they specifically bind to 
receptors or antigens expressed on a selected cell surface, e.g., by linking the antisense nucleic 
acid molecules to peptides or antibodies that bind to cell surface receptors or antigens. The 
antisense nucleic acid molecules can also be delivered to cells using the vectors described herein. 
To achieve sufficient intracellular concentrations of antisense molecules, vector constructs in 
which the antisense nucleic acid molecule is placed under the control of a su-ong pol II or pol III 
promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention is an 
a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific 
double-stranded hybrids with complementary RNA in which, contrary to the usual p^units, the 
strands run parallel to each other (Gaultier et aL (1987) Nucleic Acids Res 15: 6625-6641). The 
antisense nucleic acid molecule can also comprise a 2'.o-methylribonucleotide (Inoue et aL 
(19S7) Nucleic Acids Res 15: 6131-6148) or a chimeric RNA -DNA analogue (Inoue etaL 
{\9%1) FEES Lett 2\5: 327-330). 

Such modifications include, by way of nonlimiting example, modified bases, and nucleic 
acids whose sugar phosphate backbones are modified or derivatized. These modifications are 
carried out at least in part to enhance the chemical stability of the modified nucleic acid, such 
that they may be used, for example, as antisense binding nucleic acids in therapeutic applications 
in a subject. 
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NOVX Ribozymes and PNA moieties 

In still another embodiment, an antisense nucleic acid of the invention is a ribozyme. 
Riboz>'mes are catalytic RNA molecules with ribonuclease activity that are capable of cleaving a 
single-stranded nucleic acid, such as a mRNA, to which they have a complementary region. 
5 Thus, ribozymes (e.g., hammerhead ribozymes (described in Haselhoff and Gerlach (1988) 
Nature 334:585-591)) can be used to catalytically cleave NOVX mRNA transcripts to thereby 
inhibit translation of NOVX mRNA. A ribozyme having specificity for a NOVX-encoding 
nucleic acid can be designed based upon the nucleotide sequence of a NOVX DNA disclosed 
herein (/.e., SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25). For example, a 

10 derivative of a Tetrahymena L-19 IVS RNA can be constructed in which the nucleotide sequence 
of the active site is complementary to the nucleotide sequence to be cleaved in a 
' NOVX-encoding mRNA. See, e.g., Cech et al. U.S. Pat. No. 4,987,071 ; and Cech et aL U.S. 
Pat. No. 5,11 6,742. Alternatively, NOVX mRNA can be used to select a catalytic RNA having a 
specific ribonuclease activity from a pool of RNA molecules. See, e.g.y Bartel et aL^ (1993) 

15 Science 26\:\AUAA\i. 

Alternatively, NOVX gene expression can be inhibited by targeting nucleotide sequences 
complementary to the regulatory region of the NOVX (e.g., the NOVX promoter and/or 
enhancers) to form triple helical structures that prevent transcription of the NOVX gene in target 
cells. See generally, Helene. {199\) Anticancer Drug Des. 6: 569-84; Helene. et aL (1992) Ann. 

20 N, K Acad. Set. 660:27-36; and Maher (1992) Bioassays 14: 807-15. 

In various embodiments, the nucleic acids of NOVX can be modified at the base moiety, 
sugar moiety or phosphate backbone to improve, e.g., the stability, hybridization, or solubility of 
the molecule. For example, the deoxyribose phosphate backbone of the nucleic acids can be 
modified to generate peptide nucleic acids (see Hyrup et al. (1996) Bioorg Med Chem 4: 5-23). 

25 As used herein, the terras "peptide nucleic acids" or "PNAs" refer to nucleic acid mimics, e.g., 
DNA mimics, in which the deoxyribose phosphate backbone is replaced by a pseudopeptide 
backbone and only the four natural nucleobases are retained. The neutral backbone of PNAs has 
been shown to allow for specific hybridization to DNA and RNA under conditions of low ionic 
strength. The synthesis of PNA oligomers can be performed using standard solid phase peptide 

30 -synthesis protocols as described in Hyrup et aL (1 996) above; Perry-O'Keefe et aL (1 996) PNAS 
93: 14670-675. 
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PNAs of NOVX can be used in therapeutic and diagnostic applications. For example, 
PNAs can be used as antisense or antigene agents for sequence-specific modulation of gene 
expression by, e.g., inducing transcription or translation arrest or inhibiting replication. PNAs of 
NOVX can also be used, e.g., in the analysis of single base pair mutations in a gene by, e.g., 
PNA directed PGR clamping; as artificial restriction enzymes when used in combination with 
other enzymes, e.g. , SI nucleases (Hyrup B. (1 996) above); or as probes or primers for DNA 
sequence and hybridization (Hyrup et al (1996), above; Perry-O'Keefe (1996), above). 

In another embodiment, PNAs of NOVX can be modified, e.g., to enhance their stability 
or cellular uptake, by attaching lipophilic or other helper groups to PNA, by the formation of 
PNA-DNA chimeras, or by the use of liposomes or other techniques of drug delivery known in 
the art. For example, PNA-DNA chimeras of NOVX can be generated that may combine the 
advantageous properties of PNA and DNA. Such chimeras allow DNA recognition enzymes, 
e.g., RNase H and DNA polymerases, to interact with the DNA portion while the PNA portion * 
would provide high binding affinity and specificity. PNA-DNA chimeras can be linked using 
linkers of appropriate lengths selected in terms of base stacking, number of bonds between the 
nucleobases, and orientation (Hyrup (1996) above). The synthesis of PNA-DNA chimeras can 
be performed as described in Hyrup (1996) above and Finn et al (1996) Nucl Acids Res 24: 
3357-63. For example, a DNA chain can be synthesized on a solid support using standard 
phosphoramidite coupling chemistry, and modified nucleoside analogs, e.g., 5'-(4-methoxytrityl) 
amino-5'-deoxy-thymidine phosphoramidite, can be used between the PNA and the 5' end of 
DNA (Mag et al. (1989) Nucl Acid Res 17: 5973-88). PNA monomers are then coupled in a 
stepwise manner to produce a chimeric molecule with a 5* PNA segment and a 3' DNA segment 
(Finn et al. (1996) above). Alternatively, chimeric molecules can be synthesized with a 5* DNA 
segment and a 3' PNA segment. See, Petersen et al. (1975) Bioorg Med Chem Lett 5: 
1119-11124. 

In other embodi ments, the oligonucleotide may include other appended groups such as 
peptides (e.g., for targeting host cell receptors iw vivo), or agents facilitating transport across the 
cell membrane (see, e.g., Lctsingcr et al., 1989, Proc, Natl. Acad, Sci, U.S.A. 86:6553-6556; 
Lemaitre et al, 1987, Proc. Natl Acad. Sci. 84:648-652; PCX Publication No. W088/09810) or 
the blood-brain barrier (see, e.g., PCT Publication No. W089/101 34). In addition, 
oligonucleotides can be modified with hybridization triggered cleavage agents (See, e.g., Krol et 
al, 1988, BioTechniques 6:958-976) or intercalating agents. (See, e.g., Zon, 1988, Pharm. Res. 
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5: 539-549). To this end, the oligonucleotide may be conjugated to another molecule, e.g., a 
peptide, a hybridization triggered cross-linking agent, a transport agent, a hybridization-triggered 
cleavage agent, etc. 

NOVX Polypeptides 

A NOVX polj'peptide of the invention includes the NOVX-like protein whose sequence 
is provided in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. The invention also 
includes a mutant or variant protein any of whose residues may be changed from the 
corresponding residue shown in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 while 
still encoding a protein that maintains its NOVX-like activities and physiological functions, or a 
functional fragment thereof. In some embodiments, up to 20% or more of the residues may be so 
changed in the mutant or variant protein. In some embodiments, the NOVX polypeptide 
according to the invention is a mature polypeptide. 

In general, a NOVX -like variant that preserves NOVX-like fimction includes any variant 
in which residues at a particular position in the sequence have been substituted by other amino 
acids, and further include the possibility of inserting an additional residue or residues between 
two residues of the parent protein as well as the possibility of deleting one or more residues from 
the parent sequence. Any amino acid substitution, insertion, or deletion is encompassed by the 
invention. In favorable circumstances, the substitution Is a conservative substitution as defined 
above. 

One aspect of the invention pertains to isolated NOVX proteins, and biologically active 
portions thereof, or derivatives, fragments, analogs or homologs thereof. Also provided are 
polypeptide fragments suitable for use as immunogens to raise anti-NOVX antibodies. In one 
embodiment, native NOVX proteins can be isolated from cells or tissue sources by an 
appropriate purification scheme using standard protein purification techniques. In another 
embodiment, NOVX proteins are produced by recombinant DNA techniques. Alternative to 
recombinant expression, a NOVX protein or polypeptide can be synthesized chemically using 
standard peptide synthesis techniques. 

An "isolated" or "purified" protein or biologically active portion thereof is substantially 
free of cellular material or other contaminating proteins from the cell or tissue source from which 
the NOVX protein is derived, or substantially free from chemical precursors or other chemicals 
when chemically synthesized. The language "substantially free of cellular material" includes 
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preparations of NOVX protein in which the protein is separated from cellular components of the 
cells from which it is isolated or recombinantly produced. In one embodiment, the language 
"substantially free of cellular material" includes preparations of NOVX protein having less than 
about 30% (by dry weight) of non-NOVX protein (also referred to herein as a "contaminating 
protein"), more preferably less than about 20% of non-NOVX protein, still more preferably less 
than about 10% of non-NOVX protein, and most preferably less than about 5% non-NOVX 
protein. When the NOVX protein or biologically active portion thereof is recombinantly 
produced, it is also preferably substantially free of culture medium, i.e., culture medium 
represents less than about 20%, more preferably less than about 10%, and most preferably less 
than about 5% of the volume of the protein preparation. 

The language "substantially free of chemical precursors or other chemicals" includes 
preparations of NOVX protein in whifch the protein is separated from chemical precursors or 
other chemicals that are involved in the synthesis of the protein. In one embodiment, the 
language "substantially free of chemical precursors or other chemicals" includes preparations of 
NOVX protein having less than about 30% (by dry weight) of chemical precursors or 
non-NOVX chemicals, more preferably less than about 20% chemical precursors or non-NOVX 
chemicals, still more preferably less than about 10% chemical precursors or non-NOVX 
chemicals, and most preferably less than about 5% chemical precursors or non-NOVX 
chemicals. 

Biologically active portions of a NOVX protein include peptides comprising amino acid 
sequences sufficiently homologous to or derived from the amino acid sequence of the NOVX 
protein, e.g., the amino acid sequence shown in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 1 8, 20, 22, 
24 or 26 that include fewer amino acids than the full length NOVX proteins, and exhibit at least 
one activity of a NOVX protein. Typically, biologically active portions comprise a domain or 
motif with at least one activity of the NOVX protein. A biologically active portion of a NOVX 
protein can be a polypeptide which is, for example, 10, 25, 50, 100 or more amino acids in 
length. 

A biologically active portion of a NOVX protein of the present invention may contain at 
least one of the above-identified domains conserved between the NOVX proteins, e.g. TSR 
modules. Moreover, other biologically active portions, in which other regions of the protein are 
deleted, can be prepared by recombinant techniques and evaluated for one or more of the 
functional activities of a native NOVX protein. 
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In an embodiment, the NOVX protein has an amino acid sequence shown in SEQ ID NO: 
2,4,6,8, 10, 12. 14, 16, 18, 20, 22, 24 or 26. In other embodiments, the NOVX protein is 
substantially homologous to SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 and 
retains the functional activity of the protein of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16. 18, 20,22, 
5 24 or 26 yet differs in amino acid sequence due to natural allelic variation or mutagenesis, as 
described in detail below. Accordingly, in another embodiment, the NOVX protein is a protein 
that comprises an amino acid sequence at least about 45% homologous to the amino acid 
sequence of SEQ ID NO: 2,4,6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 and retains the functional 
activity of the NOVX proteins of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. 

10 

Determining homology between two or more sequence 

To determine the percent homology of two amino acid sequences or of two nucleic acids, 
the sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in either 
of the sequences being compared for optimal alignment between the sequences). The amino acid 

1 5 residues or nucleotides at corresponding amino acid positions or nucleotide positions are then 
compared. When a position in the first sequence is occupied by the same amino acid residue or 
nucleotide as the corresponding position in the second sequence, then the molecules are 
homologous at that position (i.e., as used herein amino acid or nucleic acid "homology" is 
equivalent to amino acid or nucleic acid "identity"). 

20 The nucleic acid sequence homology may be determined as the degree of identity 

between two sequences. The homology may be determined using computer programs known in 
the art, such as GAP software provided in the GCG program package. See, Needleman and 
Wunsch 1970 JMol Biol 48: 443-453. Using GCG GAP software with the following settings for 
nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP extension penalty of 

25 0.3, the coding region of the analogous nucleic acid sequences referred to above exhibits a degree 
of identity preferably of at least 70%, 75%. 80%, 85%, 90%, 95%, 98%, or 99%, with the CDS 
(encoding) part oflheDNA sequence shown in SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19,21, 
23 or 25. 

The term "sequence identity" refers to the degree to which two polynucleotide or 
30 polypeptide sequences are identical on a residue-by-residue basis over a particular region of 
comparison. The term "percentage of sequence identity" is calculated by comparing two 
optimally aligned sequences over that region of comparison, determining the number of positions 
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at which the identical nucleic acid base (e.g.. A, T, C, G, U, or I, in the case of nucleic acids) 
occurs in both sequences to yield the number of matched positions, dividing the number of 
matched positions by the total number of positions in the region of comparison (i.e., the window 
size), and multiplying the result by 100 to yield the percentage of sequence identity. The term 
"substantial identity" as used herein denotes a characteristic of a polynucleotide sequence, 
wherein the polynucleotide comprises a sequence that has at least 80 percent sequence identity, 
preferably at least 85 percent identity and often 90 to 95 percent sequence identity, more usually 
at least 99 percent sequence identity as compared to a reference sequence over a comparison 
region. The term "percentage of positive residues" is calculated by comparing two optimally 
aligned sequences over that region of comparison, determining the number of positions at which 
the identical and conservative amino acid substitutions, as defined above, occur in both 
sequences to yield the number of matched positions, dividing the number of matched positions 
by the total number of positions in the region of comparison (i.e., the vnndow size), and 
multiplying the result by 100 to yield the percentage of positive residues. 

Chimeric and fusion proteins 

The invention also provides NOVX chimeric or ftision proteins. As used herein, a 
NOVX "chimeric protein" or "fiision protein" comprises a NOVX polypeptide operatively linked 
to a non-NOVX polypeptide. An "NOVX polypeptide" refers to a polypeptide having an amino 
acid sequence corresponding to NOVX, whereas a "non-NOVX polypeptide" refers to a 
polypeptide having an amino acid sequence corresponding to a protein that is not substantially 
homologous to the NOVX protein, e.g.. a protein that is different from the NOVX protein and 
that is derived from the same or a different organism. Within a NOVX fiision protein the NOVX 
polypeptide can correspond to all or a portion of a NOVX protein. In one embodiment, a NOVX 
fiision protein comprises at least one biologically active portion of a NOVX protein. In another 
embodiment, a NOVX fiision protein comprises at least two biologically active portions of a 
NOVX protein. Within the fiision protein, the term "operatively linked" is intended to indicate 
that the NOVX polypeptide and the non-NOVX polypeptide are fiised in-frame to each other. 
The non-NOVX polypeptide can be fiised to the N-terminus or C-terminus of the NOVX 
polypeptide. 

For example, in one embodiment a NOVX fusion protein comprises a NOVX polypeptide 
operably linked to the extracellular domain of a second protein. Such fiision proteins can be 
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further utilized in screening assays for compounds that modulate NOVX activity (such assays are 
described in detail below). 

In another embodiment, the fusion protein is a GST-NOVX fusion protein in which the 
NOVX sequences are fiised to the C-terminus of the GST (/.e, glutathione S-transferase) 
sequences. Such fusion proteins can facilitate the purification of recombinant NOVX. 

In another embodiment, the fusion protein is a NOVX-immunoglobulin fusion protein in 
which the NOVX sequences comprising one or more domains are fused to sequences derived 
from a member of the immunoglobulin protein family. The NOVX-immunoglobulin fusion 
proteins of the invention can be incorporated into pharmaceutical compositions and administered 
to a subject to inhibit an interaction between a NOVX ligand and a NOVX protein on the surface 
of a cell, to thereby suppress NOVX-mediated signal transduction in vivo. In one nonlimiting 
example, a contemplated NOVX ligand of the invention is the NOVX receptor. The 
NOVX-inmiunoglobulin fusion proteins can be used to affect the bioavailability of a NOVX 
cognate ligand. Inhibition of the NOVX ligand/NOVX interaction may be useful therapeutically 
for both the treatment of proliferative and differentiative disorders, e,g., cancer as well as 
modulating (e.g., promoting or inhibiting) cell survival, as well as acute and chronic 
inflammatory disorders and hyperplastic wound healing, e.g. hypertrophic scars and keloids. 
Moreover, the NOVX-inununbglobulin fusion proteins of the invention can be used as 
immunogens to produce anti-NOVX antibodies in a subject, to purify NOVX ligands, and.in 
screening assays to identify molecules that inhibit the interaction of NOVX with a NOVX ligand. 

A NOVX chimeric or fusion protein of the invention can be produced by standard 
recombinant DNA techniques. For example, DNA fragments coding for the different 
polypeptide sequences are ligated together in-frame in accordance with conventional techniques, 
e.g., by employing blunt-ended or stagger-ended termini for ligation, restriction enzyme 
digestion to provide for appropriate termini, filling-in of cohesive ends as appropriate, alkaline 
phosphatase treatment to avoid undesirable joining, and enzymatic ligation. In another 
embodiment, the fusion gene can be synthesized by conventional techniques including automated 
DNA synthesizers. Alternatively, PGR amplification of gene fragments can be carried out using 
anchor primers that give rise to complementary overhangs between two consecutive gene 
fragments that can subsequently be annealed and-reamplified to generate a chimeric gene 
sequence (see, for example, Ausubel et al. (eds.) Current PROTOCOLS IN Molecular Biology, 
John Wiley & Sons, 1992). Moreover, many expression vectors are conmiercially available that 

82 



wo 01/51632 



PCT/USOl/01513 



already encode a fusion moiety (e.g., a GST polypeptide), A NOVX-encoding nucleic acid can 
be cloned into such an expression vector such that the fusion moiety is linked in-frame to the 
NOVX protein. 

NOVX agonists and antagonists ^ 

The present invention also pertains to variants of the NOVX proteins that function as 
either NOVX agonists (mimetics) or as NOVX antagonists. Variants of the NOVX protein can 
be generated by mutagenesis, e,g,, discrete point mutation or truncation of the NOVX protein. 
An agonist of the NOVX protein can retain substantially the same, or a subset of, the biological 
activities of the naturally occurring form of the NOVX protein. An antagonist of the NOVX 
protein can inhibit one or more of the activities of the naturally occurring form of the NOVX 
protein by, for example, competitively binding to a dovwistream or upstream member of a 
cellular signaling cascade which includes the NOVX protein. Thus, specific biological effects 
can be elicited by treatment with a variant of limited function. In one embodiment, treatment of 
a subject with a variant having a subset of the biological activities of the naturally occurring form 
of the protein has fewer side effects in a subject relative to treatment vwth the naturally occurring 
form of the NOVX proteins. 

Variants of the NOVX protein that function as either NOVX agonists (mimetics) or as 
NOVX antagonists can be identified by screening combinatorial libraries of mutants, e.g., 
truncation mutants, of the NOVX protein for NOVX protein agonist or antagonist activity. In 
one embodiment, a variegated library of NOVX variants is generated by combinatorial 
mutagenesis at the nucleic acid level and is encoded by a variegated gene library. A variegated 
library of NOVX variants can be produced by, for example, enzymatically ligating a mixture of 
synthetic oligonucleotides into gene sequences such that a degenerate set of potential NOVX 
sequences is expressible as individual polypeptides, or alternatively, as a set of larger fusion 
proteins (e.g., for phage display) containing the set of NOVX sequences therein. There are a 
variety of methods which can be used to produce libraries of potential NOVX variants from a 
degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene sequence can be 
performed in an automatic DNA synthesizer, and the synthetic gene then ligated into an 
appropriate expression vector. Use of a degenerate set of genes allows for the provision, in one 
mixture, of all of the sequences encoding the desired set of potential NOVX sequences. Methods 
for synthesizing degenerate oligonucleotides are known in the art (see, eg., Narang (1983) 
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Tetrahedron 39:3; Itakura et al, (1984) Annu Rev Biochem 53:323; Itakura et aL (1984) Science 
1 98:1 056; Ike et al, (1 983) Nucl Acid Res 1 1 :477. 

Polypeptide libraries 

5 In addition, libraries of fragments of the NOVX protein coding sequence can be used to 

generate a variegated population of NOVX fragments for screening and subsequent selection of 
variants of a NOVX protein. In one embodiment, a library of coding sequence fragments can be 
generated by treating a double stranded PGR fragment of a NOVX coding sequence with a 
nuclease under conditions wherein nicking occurs only about once per molecule, denaturing the 

10 double stranded DNA, renaturing the DNA to form double stranded DNA that can include 

sense/antisense pairs from different nicked products, removing single stranded portions from 
' reformed duplexes by treatment with SI nuclease, and ligating the resulting fragment library into 
an expression vector. By this method, an expression library can be derived which encodes 
N-terminal and internal fragments of various sizes of the NOVX protein. 

1 5 Several techniques are known in the art for screening gene products of combinatorial 

libraries made by point mutations or truncation, and for screening cDNA libraries for gene 
products having a selected property. Such techniques are adaptable for rapid screening of the 
gene libraries generated by the combinatorial mutagenesis of NOVX proteins. The most widely 
used techniques, which are amenable to high throughput analysis, for screening large gene 

20 . libraries typically include cloning the gene library into replicable expression vectors, 
transforming appropriate cells with the resulting library of vectors, and expressing the 
combinatorial genes under conditions in which detection of a desired activity facilitates isolation 
of the vector encoding the gene whose product was detected. Recrusive ensemble mutagenesis 
(REM), a new technique that enhances the frequency of functional mutants in the libraries, can 

25 be used in combination with the screening assays to identify NOVX variants (Arkin and Yourvan 
(1992) PNAS 89:781 1-7815; Delgrave et al, (1993) Protein Engineering 6:327-331). 

NOVX Antibodies 

Also included in the invention are antibodies to NOVX proteins, or fragments of NOVX 
30 proteins. The term "antibody" as used herein refers to immunoglobulin molecules and 

immunologically active portions of immunoglobulin (Ig) molecules, i.e., molecules that contain 
an antigen binding site that specifically binds (immunoreacts v^th) an antigen. Such antibodies 

84 



BNSOOaO: <WO_0151632A2J_> 



wo 01/51632 



PCT/USOl/01513 



include, but are not limited to, polyclonal, monoclonal, chimeric, single chain, F^^^, F^^, and F^^i,^ 
fragments, and an F^^ expression library. In general, an antibody molecule obtained from 
humans relates to any of the classes IgG, IgM, IgA, IgE and IgD, which differ from one another 
by the nature of the heavy chain present in the molecule. Certain classes have subclasses as well, 
such as IgG,, IgGj, and others. Furthermore, in humans, the light chain may be a kappa chain or 
a lambda chain. Reference herein to antibodies includes a reference to all such classes, 
subclasses and types of human antibody species. 

An isolated NOVX-related protein of the invention may be intended to serve as an 
antigen, or a portion or fragment thereof, and additionally can be used as an immunogen to 
generate antibodies that immunospecifically bind the antigen, using standard techniques for 
polyclonal and monoclonal antibody preparation. The full-length protein can be used or, 
alternatively, the invention provides antigenic peptide fragments of the antigen for use as 
immunogens. An antigenic peptide fragment comprises at least 6 amino acid residues of the 
amino acid sequence of the fiill length protein, such as an amino acid sequence shown in SEQ ID 
NO: 2, 4, 6 ,8 ,10, 12, 14, 16, 18, or 20, and encompasses an epitope thereof such that an 
antibody raised against the peptide forms a specific immime complex with the full length protein 
or with any fragment that contains the epitope. Preferably, the antigenic peptide comprises at 
least 10 amino acid residues, or at least 15 amino acid residues, or at least 20 amino acid 
residues, or at least 30 amino acid residues. Preferred epitopes encompassed by the antigenic 
peptide are regions of the protein that are located on its surface; commonly these are hydrophilic 
regions. 

In certain embodiments of the invention, at least one epitope encompassed by the 
antigenic peptide is a region of NOVX-related protein that is located on the surface of the 
protein, e.g., a hydrophilic region. A hydrophobicity analysis of the human NOVX-related 
protein sequence v/ill indicate which regions of a NOVX-related protein are particularly 
hydrophilic and, therefore, are likely to encode surface residues useful for targeting antibody 
production. As a means for targeting antibody production, hydropathy plots showing regions of 
hydrophilicity and hydrophobicity may be generated by any method well known in the art, 
including, for example, the Kyte Doolittle or the Hopp Woods methods, either with or without 
Fourier transformation. See, e.g., Hopp and Woods, Proc. NaL Acad ScL USA 78: 3824- 
3828; Kyte and Doolittle 1982, J. Moi Biol. 157: 105-142, each of which is incorporated herein 
by reference in its entirety. Antibodies that are specific for one or more domains within an 
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antigenic protein, or derivatives, fragments, analogs or homologs thereof, are also provided 
herein. 

A protein of the invention, or a derivative, fragment, analog, homolog or ortholog thereof, 
may be utilized as an immunogen in the generation of antibodies that immunospecifically bind 
5 these protein components. 

Various procedures known within the art may be used for the production of polyclonal or 
monoclonal antibodies directed against a protein of the invention, or against derivatives, 
fragments, analogs homologs or orthologs thereof (see, for example, Antibodies: A Laboratory 
Manual, Harlow E, and Lane D, 1 988, Cold Spring Harbor Laboratory Press, Cold Spring 
1 0 Harbor, NY, incorporated herein by reference). Some of these antibodies are discussed below. 

Polyclonal Antibodies 

For the production of polyclonal antibodies, various suitable host animals (e.g., rabbit, 
goat, mouse or other mammal) may be immunized by one or more injections with the native 

1 5 protein, a synthetic variant thereof, or a derivative of the foregoing. An appropriate 

immunogenic preparation can contain, for example, the naturally occurring immunogenic 
protein, a chemically synthesized polypeptide representing the immunogenic protein, or a 
recombinantly expressed immunogenic protein. Furthermore, the protein may be conjugated to 
a second protein known to be immunogenic in the mammal being immunized. Examples of such 

20 immunogenic proteins include but are not limited to keyhole limpet hemocyanin, serum albumin, 
bovine thyroglobulin, and soybean trypsin inhibitor. The preparation can further include an 
adjuvant. Various adjuvants used to increase the immunological response include, but are not 
limited to, Freund's (complete and incomplete), mineral gels (e.g., aluminum hydroxide), surface 
active substances (e.g., lysolecithin, pluronic poiyols, polyanions, peptides, oil emulsions, 

25 dinitrophenol, etc.), adjuvants usable in humans such as Bacille Calmette-Guerin and 

Coiynebacterium parvum, or similar inmiunostimulatory agents. Additional examples of 
adjuvants which can be employed include MPL-TDM adjuvant (monophosphoryl Lipid A, 
synthetic trehalose dicorynomycolate). 

The polyclonal antibody molecules directed against the immunogenic protein can be 

30 isolated from the mammal (e.g., from the blood) and further purified by well knov^ techniques, 
such as affinity chromatography using protein A or protein G, which provide primarily the IgG 
fraction of immune serum. Subsequently, or alternatively, the specific antigen which is the target 
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of the immunoglobulin sought, or an epitope thereof, may be immobilized on a column to purify 
the immune specific antibody by immunoaffinity chromatography. Purification of 
immunoglobulins is discussed, for example, by D. Wilkinson (The Scientist, published by The 
Scientist, Inc., Philadelphia PA, Vol. 14, No. 8 (April 17, 2000), pp. 25-28). 

5 

Monoclonal Antibodies 

The term "monoclonal antibody" (MAb) or "monoclonal antibody composition", as used 
herein, refers to a population of antibody molecules that contain only one molecular species of 
antibody molecule consisting of a unique light chain gene product and a unique heavy chain 
10 gene product. In particular, the complementarity determining regions (CDRs) of the monoclonal 
antibody are identical in all the molecules of the population. MAbs thus contain an antigen 
binding site capable of inununoreacting with a particular epitope of the antigen characterized by 
' a unique binding affinity for it. 

Monoclonal antibodies can be prepared using hybridoma methods, such as those 
1 5 described by Kohler and Milstein, Nature. 256:495 (1975). In a hybridoma method, a mouse, 
hamster, or other appropriate host animal, is typically iminunized with an immunizing agent to 
elicit lymphocytes that produce or are capable of producing antibodies that will specifically bind 
to the immunizing agent. Alternatively, the lymphocytes can be immunized in vitro. 

The immunizing agent will typically include the protein antigen, a fragment thereof or a 
20 fusion protein thereof. Generally, either peripheral blood lymphocytes are used if cells of human 
origin are desired, or spleen cells or lymph node cells are used if non-human mammalian sources 
are desired. The lymphocytes are then fiised with an inmiortalized cell line using a suitable 
fusing agent, such as polyethylene glycol, to form a hybridoma cell (Goding, Monoclonal 
Antibodie s: Principles and Practice. Academic Press, (1986) pp. 59-103). Immortalized cell lines 
25 are usually traniSformed mammalian cells, particularly myeloma cells of rodent, bovine and 

human origin. Usually, rat or mouse myeloma cell lines are employed. The hybridoma cells can 
. be cultured in a suitable culture medium that preferably contains one or more substances that 
inhibit the growth or survival of the unfused, immortalized cells. For example, if the parental 
cells lack the enzyme hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the 
30 culture medium for the hybridomas typically will include hypoxanthine, aminopterin, and 

thymidine ("HAT medium"), which substances prevent the growth of HGPRT-deficient cells. 
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Preferred immortalized cell lines are those that fuse efficiently, support stable high level 
expression of antibody by the selected antibody-producing cells, and are sensitive to a medium 
such as HAT medium. More preferred immortalized cell lines are murine myeloma lines, which 
can be obtained, for instance, from the Salk Institute Cell Distribution Center, San Diego, 
California and the American Type Culture Collection, Manassas, Virginia. Human myeloma and 
mouse-human heteromyeloma cell lines also have been described for the production of human 
monoclonal antibodies (Kozbor, J. Immunol.. 133 :3001 (1984); Brodeur et al.. Monoclonal 
Antibody Production Techniques and Applications, Marcel Dekker, Inc., New York, (1987) pp. 
51-63). 

The culture medium in which the hybridoma cells are cultured can then be assayed for the 
presence of monoclonal antibodies directed against the antigen. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma cells is determined by 
immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or 
enzyme-linked immunoabsorbent assay (ELISA). Such techniques and assays are known in the 
art. The binding affinity of the monoclonal antibody can, for example, be determined by the 
Scatchard analysis of Munson and Pollard, Anal. Biochehn., 107:220 (1 980). Preferably, 
antibodies having a high degree of specificity and a high binding affinity for the target antigen 
are isolated. 

After the desired hybridoma cells are identified, the clones can be subcloned by limiting 
dilution procedures and grown by standard methods. Suitable culture media for this purpose 
include, fgr„example, Dulbeccp's Modified Eagle's Medium and .RP.MI-1640 medium. 
Alternatively, the hybridoma cells can be grown /v vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones can be isolated or purified from the 
culture medium or ascites fluid by conventional immunoglobulin purification procedures such as, 
for example, protein A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, 
or afSnity chromatography. 

The monoclonal antibodies can also be made by recombinant DNA methods, such as 
those described in U.S. Patent No. 4,816,567. DNA encoding the monoclonal antibodies of the 
invention can be readily isolated and sequenced using conventional procedures (e.g., by using 
oligonucleotide probes that are capable of binding specifically to genes encoding the heavy and 
light chains of murine antibodies), fhe hybridoma cells of the invention serve as a preferred 
source of such DNA. Once isolated, the DNA can be placed into expression vectors, which are 
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then transfected into host cells such as simian COS cells, Chinese hamster ovary (CHO) cells, or 
myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the synthesis of 
monoclonal antibodies in the recombinant host cells. The DNA also can be modified, for 
example, by substituting the coding sequence for human heavy and light chain constant domains 
5 in place of the homologous murine sequences (U.S. Patent No. 4,8 1 6,567; Morrison, Nature 368 . 
812-13 (1994)) or by covalently joining to the immunoglobulin coding sequence all or part of the 
coding sequence for a non-immunoglobulin polypeptide. Such a non-immunoglobulin 
polypeptide can be substituted for the constant domains of an antibody of the invention, or can be 
substituted for the variable domains of one antigen-combining site of an antibody of the 
1 0 invention to create a chimeric bivalent antibody. 



Humanized Antibodies 

The antibodies directed against the protein antigens of the invention can further comprise 
humanized antibodies or human antibodies. These antibodies are suitable for administration to 

1 5 humans without engendering an immune response by the himian against the administered 
immunoglobulin. Humanized forms of antibodies are chimeric immunoglobulins, 
immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab*, F(ab')2 or other antigen- 
binding subsequences of antibodies) that are principally comprised of the sequence of a human 
immunoglobulin, and contain minimal sequence derived from a non-human immimoglobulin. 

20 Humanization can be performed following the method of Winter and co-workers (Jones et al.. 
Nature, 321:522-525 (1986); Riechmann et al.. Nature. 332:323-327 (1988); Verhoeyen et al.. 
Science. 239:1534-1 536 (1988)), by substituting rodent GDRs or CDR sequences for the 
corresponding sequences of a human antibody. (See also U.S. Patent No. 5,225,539.) In some 
instances, Fv fi-amework residues of the human immunoglobulin are replaced by corresponding 

25 non-human residues. Humanized antibodies can also comprise residues which are found neither 
in the recipient antibody nor in the imported CDR or framework sequences. In general, the 
humanized antibody will comprise substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the CDR regions correspond to those of a non-human 
immunoglobulin and all or substantially all of the framework regions are those of a human 

30 immunoglobulin consensus sequence. The humanized antibody optimally also v^ll comprise at 
least a portion of an immunoglobulin constant region (Fc), typically that of a human 
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immunoglobulin (Jones et al., 1986; Riechmann et al,, 1988; and Presta, Curr. Op. Struct. Biol., 
2:593-596(1992)). 

Human Antibodies 

5 Fully human antibodies relate to antibody molecules in which essentially the entire 

sequences of both the light chain and the heavy chain, including the CDRs, arise from human 
genes. Such antibodies are termed "human antibodies", or "fully human antibodies" herein. 
Human monoclonal antibodies can be prepared by the irioma technique; the human B-cell 
hybridoma technique (see Kozbor, et al., 1983 Immunol Today 4: 72) and the EBV hybridoma 

10 technique to produce human monoclonal antibodies (see Cole, et al., 1985 In: Monoclonal 
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Human monoclonal 
antibodies may be utilized in the practice of the present invention and may be produced by using 
human hybridomas (see Cote, et al., 1983. Proc Natl Acad Sci USA 80: 2026-2030) or by 
transforming human B-cells with Epstein Barr Virus in vitro (see Cole, et al., 1985 In: 

1 5 Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

In addition, human antibodies can also be produced using additional techniques, 
including phage display libraries (Hoogenboom and Winter, J. Mol. Biol. , 227 :381 (1991); 
Marks et al., J. Mol. Biol.. 222 :581 (1991)). Similarly, human antibodies can be made by 
introducing human immunoglobulin loci into transgenic animals, e.g., mice in which the 

20 endogenous immunoglobulin genes have been partially or completely inactivated. Upon 

challenge, human antibody production is observed, which closely resembles that seen in humans 
in all respects, including gene rearrangement, assembly, and antibody repertoire. This approach 
is described, for example, in U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 
5,633,425; 5,661,016, and in Marks et al. (Bio/Technology 10, 779-783 (1992)); Lonberg et al. 

25 (Nature 368 856-859 (1 994)); Morrison ( Nature 368. 812-13(1 994)); Fishwild et al,( Nature 
Biotechnology 14, 845-5 1 (1996)); Neuberger (Nature Biotechnology 14, 826 (1996)); and 
Lonberg and Huszar (Intern. Rev. Immunol. 13 65-93 (1995)). 

Human antibodies may additionally be produced using transgenic nonhuman animals 
which are modified so as to produce fully human antibodies rather than the animal's endogenous 

30 antibodies in response to challenge by an antigen. (See PCT publication WO94/02602). The 
endogenous genes encoding the heavy and light immunoglobulin chains in the nonhuman host 
have been incapacitated, and active loci encoding human heavy and light chain immunoglobulins 
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are inserted into the host's genome. The human genes are incorporated, for example, using yeast 
artificial chromosomes containing the requisite human DNA segments. An animal which 
provides all the desired modifications is then obtained as progeny by crossbreeding intermediate 
transgenic animals containing fewer than the full complement of the modifications. The 
preferred embodiment of such a nonhuman animal is a mouse, and is termed the Xenomouse™ as 
disclosed in PCT publications WO 96/33735 and WO 96/34096. This animal produces B cells 
which secrete fully human immunoglobulins. The antibodies can be obtained directly from the 
animal after immunization with an immunogen of interest, as, for example, a preparation of a 
polyclonal antibody, or alternatively from immortalized B cells derived from the animal, such as 
hybridomas producing monoclonal antibodies. Additionally, the genes encoding the 
immunoglobulins with human variable regions can be recovered and expressed to obtain the 
antibodies directly, or can be further modified to obtain analogs of antibodies such as, for 
example, single chain Fv molecules. 

An example of a method of producing a nonhuman host, exemplified as a mouse, lacking 
expression of an endogenous immunoglobulin heavy chain is disclosed in U.S. Patent No. 
5,939,598. It can be obtained by a method including deleting the J segment genes from at least 
one endogenous heavy chain locus in an embryonic stem cell to prevent rearrangement of the 
locus and to prevent formation of a transcript of a rearranged immunoglobulin heavy chain locus, 
the deletion being effected by a targeting vector containing a gene encoding a selectable marker; 
and producing from the embryonic stem cell a transgenic mouse whose somatic and germ cells 
contain the gene encoding the selectable marker. 

A method for producing an antibody of interest, such as a human antibody, is disclosed in 
U.S. Patent No. 5,916,771 . It includes introducing an expression vector that contains a 
nucleotide sequence encoding a heavy chain into one mammalian host cell in culture, introducing 
an expression vector containing a nucleotide sequence encoding a light chain into another 
mammalian host cell, and fusing the two cells to form a hybrid cell. The hybrid cell expresses an 
antibody containing the heavy chain and the light chain. 

In a further improvement on this procedure, a method for identifying a clinically relevant 
epitope on an immunogen, and a correlative method for selecting an antibody that binds 
immunospecifically to the relevant epitope with high affinity, are disclosed in PCT publication 
WO 99/53049. 
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Fragments and Single Chain Antibodies 

According to the invention, techniques can be adapted for the production of single-chain 
antibodies specific to an antigenic protein of the invention (see e.g., U.S. Patent No. 4,946,778). 
In addition, methods can be adapted for the construction of F.^ expression libraries (see e.g., 
5 Huse, et al., 1989 Science 246: 1275-1281) to allow rapid and effective identification of 

monoclonal F^b fragments with the desired specificity for a protein or derivatives, fragments, 
analogs or homologs thereof. Antibody fragments that contain the idiotypes to a protein antigen 
may be produced by techniques known in the art including, but not limited to: (i) an F^^^j 
fragment produced by pepsin digestion of an antibody molecule; (ii) an F^^ fragment generated 
10 by reducing the disulfide bridges of an F^^^2 fragment; (iii) an F^^, fragment generated by the 
treatment of the antibody molecule with papain and a reducing agent and (iv) F^ fragments. 

I 

Bispecific Antibodies 

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that 

15 have binding specificities for at least two different antigens. In the present case, one of the 

binding specificities is for an antigenic protein of the invention. The second binding target is any 
other antigen, and advantageously is a cell-surface protein or receptor or receptor subunit. 

Methods for making bispecific antibodies are known in the art. Traditionally, the 
recombinant production of bispecific antibodies is based on the co-expression of two 

20 immunoglobulin heav^'-chain/light-chain pairs, where the two heavy chains have different 
specificities (Milstein and Cuello, Nature , 305:537-539 (1983)). Because of the random 
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a 
potential mixture of ten different antibody molecules, of which only one has the correct 
bispecific structure. The purification of the correct molecule is usually accomplished by affinity 

25 chromatography steps. Similar procedures are disclosed in WO 93/08829. published 13 May 
1993, and in Traunecker et al,, 1991 EMBOJ., 10:3655-3659. 

Antibody variable domains with the desired binding specificities (antibody-antigen 
conibining sites) can be fused to immunoglobulin constant domain sequences. The fusion 
preferably is with an immunoglobulin heavy-chain constant domain, comprising at least part of 

30 the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant region 
(CHI) containing the site necessary for light-chain binding present in at least one of the fusions. 
DNAs encoding the immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin 
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light chain, are inserted into separate expression vectors, and are co-transfected into a suitable 
host organism. For further details of generating bispecific antibodies see, for example, Suresh et 
al., Methods in Enzvmologv. 121:210 (1986). 

According to another approach described in WO 96/270 11, the interface between a pair 
5 of antibody molecules can be engineered to maximize the percentage of heterodimers which are 
recovered from recombinant cell culture. The preferred interface comprises at least a part of the 
CH3 region of an antibody constant domain. In this method, one or more small amino acid side 
chains from the interface of the first antibody molecule are replaced with larger side chains (e.g. 
tyrosine or trj'ptophan). Compensatory "cavities" of identical or similar size to the large side 

10 chain(s) are created on the interface of the second antibody molecule by replacing large amino 
acid side chains with smaller ones (e.g. alanine or threonine). This provides a mechanism for 
increasing the yield of the heterodimer over other unwanted end-products such as homodimers. 

Bispecific antibodies can be prepared as fijll length antibodies or antibody fragments (e.g. 
F(ab')2 bispecific antibodies). Techniques for generating bispecific antibodies from antibody 

15 fragments have been described in the literature. For example, bispecific antibodies can be 

prepared using chemical linkage. Brennan et al., Science 229:81 (1985) describe a procedure 
wherein intact antibodies are proteolytically cleaved to generate F(ab*)2 fi-agments. These 
fragments are reduced in the presence of the dithiol complexing agent sodium arsenite to 
stabilize vicinal dithiols and prevent intermolecular disulfide formation. The Fab' fragments 

20 generated are then converted to thionitrobenzoate (TNB) derivatives. One of the Fab*-TNB 
derivatives is then reconverted to the Fab'-thiol by reduction with mercaptoethylamine and is 
mixed with an equimolar amotmt of the other Fab*-TNB derivative to form the bispecific 
antibody. The bispecific antibodies produced can be used as agents for the selective 
immobilization of enzymes. ; 

25 Additionally, Fab* fi-agments can be directly recovered from E. coli and chemically 

coupled to form bispecific antibodies. Shalaby et al., J. Exp. Med. 175:217-225 (1992) describe 
the production of a fiilly himianized bispecific antibody F(ab')2 molecule. Each Fab* firagment 
was separately secreted from E. coli and subjected to directed chemical coupling in vitro to form 
the bispecific antibody. The bispecific antibody thus formed was able to bind to cells 

30 overexpressing the ErbB2 receptor and normal human T cells, as well as trigger the lytic activity 
of human cytotoxic lymphocytes against human breast tumor targets. 



93 



BNSDOCID: <WO_0151632A2J_> 



wo 01/51632 



PCTAJSOl/01513 



Various techniques for making and isolating bispecific antibody fragments directly from 
recombinant cell culture have also been described. For example, bispecific antibodies have been 
produced using leucine zippers. Kosielny et al., J. Immunol. 148(5):1547-1553 (1992). The 
leucine zipper peptides from the Fos and Jun proteins were linked to the Fab' portions of two 
5 different antibodies by gene fusion. The antibody homodimers were reduced at the hinge region 
to form monomers and then re-oxidized to form the antibody heterodimers. This method can 
also be utilized for the production of antibody homodimers. The "diabody" technology described 
by Hollinger et al., Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993) has provided an alternative 
mechanism for making bispecific antibody fragments. The fragments comprise a heavy-chain 

10 variable domain (Vh) connected to a light-chain variable domain (V^) by a linker which is too 
short to allow pairing between the two domains on the same chain. Accordingly, the V„ and 
domains of one fragment are forced to pair with the complementary and V„ domains of 
another fragment, thereby forming two antigen-binding sites. Another strategy for making 
bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. 

1 5 See, Gruber et al., J. Immunol. 152:5368 (1994). 

Antibodies with more than two valencies are contemplated. For example, trispecific 
antibodies can be prepared. Tutt et al., J. Immunol. 147:60 (1991). 

Exemplary bispecific antibodies can bind to two different epitopes, at least one of which 
originates in the protein antigen of the invention. Alternatively, an anti-antigenic arm of an 

20 immunoglobulin molecule can be combined with an arm which binds to a triggering molecule on 
a leukocyte such as a T-cell receptor molecule (e.g. CD2, CD3, CD28, or B7), or Fc receptors for 
IgG (Fc R), such as Fc RI (CD64), Fc RII (CD32) and Fc RIII (CDl 6) so as to focus cellular 
defense mechanisms to the cell expressing the particular antigen. Bispecific antibodies can also 
be used to direct cytotoxic agents to cells which express a particular antigen. These antibodies 

25 j)ossess an antigen-binding arm and an arm which binds a cytotoxic agent or a radionuclide 

chelator, such as EOTUBE, DPTA, DOTA, or TETA. Another bispecific antibody of interest 
binds the -prolein-antigen-deseribed herein and fiirther binds tissue factor (TF). 

Heteroconjugate Antibodies 

30 Heteroconjugate antibodies are also within the scope of the present invention. 

Heteroconjugate antibodies are composed of two covalently joined antibodies. Such antibodies 
have, for example, been proposed to target immune system cells to unwanted cells (U.S. Patent 
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No. 4,676,980), and for treatment of HIV infection (WO 91/00360; WO 92/200373; EP 03089). 
It is contemplated that the antibodies can be prepared in vitro using known methods in synthetic 
protein chemistry, including those involving crosslinking agents. For example, immunotoxins 
can be constructed using a disulfide exchange reaction or by forming a thioether bond. Examples 
5 of suitable reagents for this purpose include iminothiolate and methyl-4-mercaptobutyrimidate 
and those disclosed, for example, in U.S. Patent No. 4,676,980. 

Effector Function Engineering 

It can be desirable to modify the antibody of the invention with respect to effector 

1 0 ftmction, so as to enhance, e.g., the effectiveness of the antibody in treating cancer. For example, 
cysteine residue(s) can be introduced into the Fc region, thereby allowing interchain disulfide 
bond formation in this region. The homodimeric antibody thus generated can have improved 
internalization capability and/or increased complement-mediated cell killing and antibody- 
dependent cellular cytotoxicity (ADCC). See Caron et al., J. Exp Med., 176: 1 191-1 195 (1992) 

15 and Shopes, J. Immunol., 148: 2918-2922 (1992). Homodimeric antibodies with enhanced anti- 
tumor activity can also be prepared using heterobifunctional cross-linkers as described in Wolff 
et al. Cancer Research, 53: 2560-2565 (1 993). Alternatively, an antibody can be engineered that 
has dual Fc regions and can thereby have enhanced complement lysis and ADCC capabilities. 
See Stevenson et al., Anti-Cancer Drug Design, 3: 219-230 (1989). 

20 

Immunoconjugates 

The mvention also pertains to immunoconjugates comprising an antibody conjugated to a 
cytotoxic agent such as a chemotherapeutic agent, toxin (e.g., an enzymatically active toxin of 
bacterial, fungal, plant, or animal origin, or fragments thereof), or a radioactive isotope (i.e., a 
25 radioconjugate). 

Chemotherapeutic agents useful in the.generation of such immunoconjugates have been 
described above. Enzymatically active toxins and fragments thereof that can be used include 
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from 
Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, 
30 Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and 

PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor, gelonin, 
mitogellin, restrictocin, phenomycin, enomycin, and the tricothecenes. A variety of 
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radionuclides are available for the production of radioconjugated antibodies. Examples include 
''^Bi,'^'l,»'In,'^Y,and'«^e. 

Conjugates of the antibody and cytotoxic agent are made using a variety of biftinctional 
protein*coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP), 
5 iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCL), 
active esters (such as disuccinimidyl suberate), aldehydes (such as glutareldehyde), bis-azido 
compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as 
bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanale), 
and bis-active fluorine compounds (such as l,5-difluoro-2,4-dinitrobenzene). For example, a 
10 ricin immunotoxin can be prepared as described in Vitetla et al.. Science, 238: 1098 (1987). 

Carbon- 1 4-1 abeled l-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX- 
DTP A) is an exemplary chelating agent for conjugation of radionucleotide to the antibody. See 
WO94/11026. 

In another embodiment, the antibody can be conjugated to. a "receptor" (such streptavidin) 
15 for utilization in tumor pretargeting wherein the antibody-receptor conjugate is administered to 
the patient, follov^ed by removal of unbound conjugate from the circulation using a clearing 
agent and then administration of a "ligand" (e.g., avidin) that is in turn conjugated to a cytotoxic 
agent. 

20 NOVX Recombinant Expression Vectors and Host Cells 

Another aspect of the invention pertains to vectors, preferably expression vectors, 
containing a nucleic acid encoding a NOVX protein, or derivatives, fragments, analogs or 
homologs thereof. As used herein, the term "vector" refers to a nucleic acid molecule capable of 
transporting another nucleic acid to which it has been linked. One type of vector is a "plasmid", 

25 which refers to a circular double stranded DNA loop into which additional DNA segments can be 
ligated. Another type of vector is a viral vector, wherein additional DNA segments can be ligated 
into the viral genome. Certain vectors are capable of autonomous replication in a host cell into 
which they are introduced (e.g., bacterial vectors having a bacterial origin of replication and 
episomal mammalian vectors). Other vectors {e.g., non-episomal mammalian vectors) are 

30 integrated into the genome of a host cell upon introduction into the host cell, and thereby are 
replicated along with the host genome. Moreover, certain vectors are capable of directing the 
expression of genes to which they are operatively-hnked. Such vectors are referred to herein as 
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"expression vectors". In general, expression vectors of utility in recombinant DNA techniques 
are often in the form of plasmids. In the present specification, "plasmid" and "vector" can be 
used interchangeably as the plasmid is the most commonly used form of vector. However, the 
invention is intended to include such other forms of expression vectors, such as viral vectors 
5 {e.g.y replication defective retroviruses, adenoviruses and adeno-associated viruses), which serve 
equivalent functions. 

The recombinant expression vectors of the invention comprise a nucleic acid of the 
invention in a form suitable for expression of the nucleic acid in a host cell, which means that the 
recombinant expression vectors include one or more regulatory sequences, selected on the basis 

10 of the host cells to be used for expression, that is operatively-linked to the nucleic acid sequence 
to be expressed. Within a recombinant expression vector, "operably-linked" is intended to mean 
that the nucleotide sequence of interest is linked to the regulatory sequence(s) in a manner that 
' allows for expression of the nucleotide sequence (e,g.^ in an in vitro transcription/translation 
system or in a host cell when the vector is introduced into the host cell). 

15 The term "regulatory sequence" is intended to includes promoters, enhancers and other 

expression control elements (eg., polyadenylation signals). Such regulatory sequences are 
described, for example, in Goeddel, Gene Expression Technology: Methods n^ 
Enzymology 185, Academic Press, San Diego, Calif. (1990). Regulatory sequences include 
those that direct constitutive expression of a nucleotide sequence in many types of host cell and 

20 those that direct expression of the nucleotide sequence only in certain host cells {e.g,, 

tissue-specific regulatory sequences). It will be appreciated by those skilled in the art that the 
design of the expression vector can depend on such factors as the choice of the host cell to be 
transformed, the level of expression of protein desired, etc. The expression vectors of the 
invention can be introduced into host cells to thereby produce proteins or peptides, including 

25 fusion proteins or peptides, encoded by nucleic acids as described herein (e.g., NOVX proteins, 
mutant forms of NOVX proteins, fusion proteins, etc.). 

The recombinant expression vectors of the invention can be designed for expression of 
NOVX proteins in prokaryotic or eukaryotic cells. For example, NOVX proteins can be 
expressed in bacterial cells such as Escherichia coli, insect cells (using baculovirus expression 

30 vectors) yeast cells or mammalian cells. Suitable host cells are discussed further in Goeddel, 
Gene Expression Technology: Methods in Enzymology 185, Academic Press, San Diego, 
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Calif. (1990). Alternatively, the recombinant expression vector can be transcribed and translated 
in vitro^ for example using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in Escherichia colt with 
vectors containing constitutive or inducible promoters directing the expression of either fusion or 
non-fusion proteins. Fusion vectors add a number of amino acids to a protein encoded therein, 
usually to the amino terminus of the recombinant protein. Such fusion vectors typically serve 
three purposes: (/) to increase expression of recombinant protein; (//) to increase the solubility of 
the recombinant protein; and (///) to aid in the purification of the recombinant protein by acting 
as a ligand in affinity purification. Often, in fusion expression vectors, a proteolytic cleavage site 
is introduced at the junction of the fusion moiety and the recombinant protein to enable 
separation of the recombinant protein from the fusion moiety subsequent to purification of the 
fusion protein. Such enzymes, and their cognate recognition sequences, include Factor Xa, 
thrombin and enterokinase. Typical fusion expression vectors include pGEX (Pharmacia Biotech 
Inc; Smith and Johnson, 1988. Gene 67: 31-40), pMAL (New England Biolabs, Beverly, Mass.) 
and pRIT5 (Pharmacia, Piscataway, NJ.) that ftise glutathione S-transferase (GST), maltose E 
binding protein, or protein A, respectively, to the target recombinant protein. 

Examples of suitable inducible non-fusion E, coli expression vectors include pTrc 
(Amrann et aL, (1988) Gene 69:301-315) and pET 1 Id (Studier et aL, Gene Expression 
Technology: Methods in Enzymology 185, Academic Press, San Diego, Calif. (1990) 
60-89). 

One strategy to maximize recombinant protein expression in E, coli is to express the 
protein in a host bacteria with an impaired capacity to proteolytically cleave the recombinant 
protein. See, e.g„ Gottesman, Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, Calif. (1990) 1 19-128. Another strategy is to alter the nucleic acid 
sequence of the nucleic acid to be inserted into an expression vector so that the individual codons 
for each amino acid are those preferentially utilized in E, coli {see, e.g., Wada, ei aL, 1992. NucL 
Acids Res. 20: 21 1 1-2 1 1 8). Such alteration of nucleic acid sequences of the invention can be 
carried out by standard DNA synthesis techniques. 

In another embodiment, the NOVX expression vector is a yeast expression vector. 
Examples of vectors for expression in yeast Saccharomyces cerivisae include pYepSecl 
(Baldari, et qL, 1987. EMBOJ. 6: 229-234), pMFa (Kurjan and Herskowitz, 1982. Cell 30: 
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933-943), pJRY88 (Schultz et al, 1987. Gene 54: 1 13-123), pYES2 (Invitrogen Corporation, 
San Diego, Calif.), and picZ (InVitrogen Corp, San Diego, Calif.). 

Alternatively, NOVX can be expressed in insect cells using baculovirus expression 
vectors. Baculovirus vectors available for expression of proteins in cultured insect cells (e,g,^ 
5 SF9 cells) include the pAc series (Smith, et a/., 1983. Mol Cell Biol 3: 2156-2165) and the pVL 
series (Lucklow and Summers, 1989. Virology 170: 31-39), 

In yet another embodiment, a nucleic acid of the invention is expressed in mammalian 
cells using a mammalian expression vector. Examples of mammalian expression vectors include 
pCDM8 (Seed, 1987. Nature 329: 840) and pMT2PC (Kaufman, et aL, 1987. EMBOl 6: 

10 1 87-195). When used in mammalian cells, the expression vector's control functions are often 

provided by viral regulatory elements. For example, commonly used promoters are derived from 
polyoma, adenovirus 2, cytomegalovirus, and simian virus 40. For other suitable expression 
systems for both prokaryotic and eukaryotic cells see, e.g., Chapters 16 and 17 of Sambrook, et 
a/.. Molecular Cloning: a Laboratory Manual. 2nd ed.. Cold Spring Harbor Laboratory, 

15 Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989. 

In another embodiment, the recombinant mammalian expression vector is capable of 
directing expression of the nucleic acid preferentially in a particular cell type (e.g., tissue-specific 
regulatory elements are used to express the nucleic acid). Tissue-specific regulatory elements are 
known in the art. Non-limiting examples of suitable tissue-specific promoters include the 

20 albumin promoter (liver-specific; Pinkert, et al., 1987. Genes Dev. 1 : 268-277), 

lymphoid-spccific promoters (Calame and Eaton, 1988, Adv, Immunol 43: 235-275), in 
particular promoters of T cell receptors (Winoto and Baltimore, 1989. EMBOJ. 8: 729-733) and 
immunoglobulins (Baneiji, et aL, 1983. Cell 33: 729-740; Queen and Baltimore, 1983. Cell 33: 
741-748), neuron-specific promoters (e.g., the neurofilament promoter; Byrne and Ruddle, 1989. 

25 Proc. Natl Acad Scl USA 86: 5473-5477), pancreas-specific promoters (Edlund, et aL, 1985. 
Science 230: 912-916), and mammary gland-specific promoters (e.g., milk whey promoter; U.S. 
Pat. No. 4,873,3 16 and European Application Publication No. 264,166). Developmentally- 
regulated promoters are also encompassed, e.g., the murine hox promoters (Kessel and Gruss, 
1990. Science 249: 374-379) and the a-fetoprotein promoter (Campes and Tilghman, 1989. 

30 Genes Dev, 3: 537-546). 

The invention further provides a recombinant expression vector comprising a DNA 
molecule of the invention cloned into the expression vector in an antisense orientation. That is, 

99 



BNSDOCID: <WO_0151632A2J_> 



wo 01/51632 



PCTAJSOl/01513 



the DNA molecule is operatively-Iinked to a regulatory sequence in a manner that allows for 
expression (by transcription of the DNA molecule) of an RNA molecule that is antisense to 
NOVX mRNA. Regulatory sequences operatively linked to a nucleic acid cloned in the 
antisense orientation can be chosen thai direct the continuous expression of the antisense RNA 
5 molecule in a variety of cell types, for instance viral promoters and/or enhancers, or regulatory 
sequences can be chosen that direct constitutive, tissue specific or cell type specific expression of 
antisense RNA. The antisense expression vector can be in the form of a recombinant plasmid, 
phagemid or attenuated virus in which antisense nucleic acids are produced under the control of a 
high efficiency regulatory region, the activity of which can be determined by the cell type into 

10 which the vector is introduced. For a discussion of the regulation of gene expression using 
antisense genes see, e.g., Weintraub, et al., "Antisense RNA as a molecular tool for genetic 
onalysis" Reviews-Trends in Genetics, WoL 1(1) 1986. 

Another aspect of the invention pertains to host cells into which a recombinant 
expression vector of the invention has been introduced. The terms "host cell" and "recombinant 

15 host cell" are used interchangeably herein. It is understood that such terms refer not only to the 
particular subject cell but also to the progeny or potential progeny of such a cell. Because certain 
modifications may occur in succeeding generations due to either mutation or environmental 
influences, such progeny may not, in fact, be identical to the parent cell, but are still included 
vsdthin the scope of the term as used herein. 

20 A host cell can be any prokaryotic or eukaryotic cell. For example, NOVX protein can be 

expressed in bacterial cells such as E. coli^ insect cells, yeast or mammalian cells (such as 
human, Chinese hamster ovary cells (CHO) or COS cells). Other suitable host cells are known to 
those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional 

25 'trahsformation or transfection techniques. As used-herein, the terms "transformation" and 
"transfection" are intended to refer to a variety of art-recognized techniques for introducing 
foreign nucleic acid (e.g., DNA) into a host cell, including calcium phosphate or calcium 
chloride co-precipitation, DEAE-dextran-mediated transfection, lipofection, or electroporation. 
Suitable methods for transforming or transfecting host cells can be found in Sambrook, et al. 

30 (Molecular Cloning: a Laboratory Manual. 2nd ed.. Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989), and other laboratory 
manuals. 
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For stable transfection of mammalian cells, it is known that, depending upon the 
expression vector and transfection technique used, only a small fraction of cells may integrate the 
foreign DNA into their genome. In order to identify and select these integrants, a gene that 
encodes a selectable marker {e.g,, resistance to antibiotics) is generally introduced into the host 
cells along with the gene of interest. Various selectable markers include those that confer 
resistance to drugs, such as G418, hygromycin and methotrexate. Nucleic acid encoding a 
selectable marker can be introduced into a host cell on the same vector as that encoding NOVX 
or can be introduced on a separate vector. Cells stably transfected with the introduced nucleic 
acid can be identified by drug selection (e.g., cells that have incorporated the selectable marker 
gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in culture, can 
be used to produce (i.e,, express) NOVX protein. Accordingly, the invention further provides 
methods for producing NOVX protein using the host cells of the invention. In one embodiment, 
the method comprises culturing the host cell of invention (into which a recombinant expression 
vector encoding NOVX protein has been introduced) in a suitable medium such that NOVX 
protein is produced. In another embodiment, the method further comprises isolating NOVX 
protein from the medium or the host cell. 

Transgenic NOVX Animals 

The host cells of the invention can also be used to produce non-human transgenic 
animals. For example, in one embodiment, a host cell of the invention is a fertilized oocyte or an 
embryonic stem cell into which NOVX protein-coding sequences have been introduced. Such 
host cells can then be used to create non-human transgenic animals in which exogenous NOVX 
sequences have been introduced into their genome or homologous recombinant animals in which 
endogenous NOVX sequences have been altered. Such animals are useful for studying the 
ftmction and/or activity of NOVX protein and for identifying and/or evaluating modulators of 
NOVX protein activity. As used herein, a "transgenic animal" is a non-human animal, preferably 
a mammal, more preferably a rodent such as a rat or mouse, in which one or more of the cells of 
the animal includes a transgene. Other examples of transgenic animals include non-human 
primates, sheep, dogs, cows, goats, chickens, amphibians, etc. A transgene is exogenous DNA 
that is integrated into the genome of a cell from which a transgenic animal develops and that 
remains in the genome of the mature animal, thereby directing the expression of an encoded gene 
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product in one or more cell types or tissues of the transgenic animal. As used herein, a 
"homologous recombinant animal" is a non-human animal, preferably a mammal, more 
preferably a mouse, in which an endogenous NOVX gene has been altered by homologous 
recombination between the endogenous gene and an exogenous DNA molecule introduced into a 
5 cell of the animal, e.g., an embryonic cell of the animal, prior to development of the animal. 

A transgenic animal of the invention can be created by introducing NOVX-encoding 
nucleic acid into the male pronuclei of a fertilized oocyte (e.g., by microinjection, retroviral 
infection) and allowing the oocyte to develop in a pseudopregnant female foster animal. 
Sequences including SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25 can be introduced 

10 as a transgene into the genome of a non-human animal. Alternatively, a non-human homologue 
of the human NOVX gene, such as a mouse NOVX gene, can be isolated based on hybridization 
• .to the human NOVX cDNA (described further supra) and used as a transgene. Intronic 
sequences and polyadenylation signals can also be included in the transgene to increase the 
efficiency of expression of the transgene. A tissue-specific regulatory sequence(s) can be 

1 5 operably-linked to the NOVX transgene to direct expression of NOVX protein to particular cells. 
Methods for generating transgenic animals via embryo manipulation and microinjection, 
particularly animals such as mice, have become conventional in the art and are described, for 
example, in U.S. Patent Nos. 4,736,866; 4,870,009; and 4,873,191; and Hogan, 1986. In: 
Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 

20 N.Y. Similar methods are used for production ofother transgenic animals. A transgenic founder 
animal can be identified based upon the presence of the NOVX transgene in its genome and/or 
expression of NOVX mRNA in tissues or cells of the animals. A transgenic founder am'mal can 
then be used to breed additional animals carrying the transgene. Moreover, transgenic animals 
carrying a transgene-encoding NOVX protein can further be bred to other transgenic animals 

25 carrying other transgenes. 

To create a homologous recombinant animal, a vector is prepared which contains at least 
a-portion of a NOVX gene into which a deletionj-addition or substitution has been introduced to 
thereby alter, e.g., functionally disrupt, the NOVX gene. The NOVX gene can be a human gene 
{e.g., the DNA of SEQ ID NO: 1 , 3, 5, 7, 9, 1 1 , 1 3, 1 5, 1 7, 1 9, 21 , 23 or 25), but more 

30 preferably, is a non-human homologue of a human NOVX gene. For example, a mouse 

homologue of human NOVX gene of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25 
czm be used to construct a homologous recombination vector suitable for altering an endogenous 
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NOVX gene in the mouse genome. In one embodiment, the vector is designed such that, upon 
homologous recombination, the endogenous NOVX gene is functionally disrupted {Le., no 
longer encodes a functional protein; also referred to as a "knock out" vector). 

Alternatively, the vector can be designed such that, upon homologous recombination, the 
endogenous NOVX gene is mutated or otherwise altered but still encodes functional protein (e.g. 
the upstream regulatory region can be altered to thereby alter the expression of the endogenous 
NOVX protein). In the homologous recombination vector, the altered portion of the NOVX gene 
is flanked at its 5 - and 3 -termini by additional nucleic acid of the NOVX gene to allow for 
homologous recombination to occur between the exogenous NOVX gene carried by the vector 
and an endogenous NOVX gene in an embryonic stem cell. The additional flanking NOVX 
nucleic acid is of sufficient length for successful homologous recombination with the 
endogenous gene. Typically, several kilobases of flanking DN A (both at the 5'- and S'-temini) 
are included in the vector. See, e.g., Thomas, et aL, 1 987. Cell 5 1 : 503 for a description of 
homologous recombination vectors. The vector is ten introduced into an embryonic stem cell 
line (e.g., by electroporation) and cells in which the introduced NOVX gene has homologously- 
recombined with the endogenous NOVX gene are selected. See, e.g., Li, ei aL, 1992. Cell 69: 
915. 

The selected cells are then injected into a blastocyst of an animal (e.g., a mouse) to form 
aggregation chimeras. See, e.g., Bradley, 1 987. In: Teratocarcinomas and Embryonic Stem 
Cells: A Practical Approach, Robertson, ed. IRL, Oxford, pp. 1 13-152. A chimeric embryo 
can then be implanted into a suitable pseudopregnant female foster animal and the embryo 
brought to term. Progeny harboring the homologously-recombined DNA in their germ cells can 
be used to breed animals in which all cells of the animal contain the homologously-recombined 
DNA by germline transmission of the transgene. Methods for constructing homologous 
recombination vectors and homologous recombinant animals are described further in Bradley, 
1991. Curr, Opin. Biotechnol 2: 823-829; PCT International Publication Nos.: WO.90/1 1354; 
WO 91/01 140; WO 92/0968; and WO 93/04169. 

In another embodiment, transgenic non-humans animals can be produced that contain 
selected systems that allow for regulated expression of the transgene. One example of such a 
system is the cre/loxP recombinase system of bacteriophage PL For a description of the cre/loxP 
recombinase system. See, e.g., Lakso, et a/., 1992. Proc. Natl Acad. ScL USA 89: 6232-6236. 
Another example of a recombinase system is the FLP recombinase system of Saccharomyces 
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cerevisioe. See, O'Gorman, a/., 1991. ^c/ence 251:1351-1355. If a cre/loxP recombinase 
system is used to regulate expression of the transgene, animals containing transgenes encoding 
both the Cre recombinase and a selected protein are required. Such animals can be provided 
through the construction of "double" transgenic animals, e.g., by mating two transgenic animals, 
one containing a transgene encoding a selected protein and the other containing a transgene 
encoding a recombinase. 

Clones of the non-human transgenic animals described herein can also be produced 
according to the methods described in Wilmut, et aL, 1997. Nature 385: 810-813. In brief, a cell 
(e.g., a somatic cell) from the transgenic animal can be isolated and induced to exit the growth 
cycle and enter Gq phase. The quiescent cell can then be fused, e.g., through the use of electrical 
pulses, to an enucleated oocyte from an animal of the same species from which the quiescent cell 
is isolated. The reconstructed oocyte is then cultured such that it develops to morula or 
blastocyte and then transferred to pseudopregnant female foster animal. The offspring borne of 
this female foster animal will be a clone of the animal from which the cell {e.g., the somatic cell) 
is isolated. 

Pharmaceutical Compositions 

The NOVX nucleic acid molecules, NOVX proteins, and anti-NOVX antibodies (also 
referred to herein as "active compounds") of the invention, and derivatives, fragments, analogs 
and homologs thereof, can be incorporated into pharmaceutical compositions suitable for 
administration. Such compositions typically comprise the. nucleic acid molecule, protein, or 
antibody and a pharmaceutically acceptable carrier. As used herein, "pharmaceutically 
acceptable carrier" is intended to include any and all solvents, dispersion media, coatings, 
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like, 
.compatible with pharmaceutical administration. Suitable carriers are described in the most 
recent edition of Remington's Pharmaceutical Sciences, a standard reference text in the field, 
which is incorporated herein by reference. Preferred examples of such carriers or diluents 
include, but are not limited to, water, saline, finger's solutions, dextrose solution, and 5% human 
serum albumin. Liposomes and non-aqueous vehicles such as fixed oils may also be used. The 
use of such media and agents for pharmaceutically active substances is well known in the art. 
Except insofar as any conventional media or agent is incompatible with the active compoimd, use 
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thereof in the compositions is contemplated. Supplementary active compounds can also be 
incorporated into the compositions. 

The antibodies disclosed herein can also be formulated as immunoliposomes. 
Liposomes containing the antibody are prepared by methods known in the art, such as described 
in Epstein et aL, Proc. Natl. Acad. Sci, USA, 82: 3688 (1 985); Hwang et al., Proc. Natl Acad. 
Sci. USA, 77: 4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545. Liposomes with 
enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

Particularly useful liposomes can be generated by the reverse-phase evaporation method 
with a lipid composition comprising phosphatidylcholine, cholesterol, and PEG-derivatized 
phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore 
size to yield liposomes with the desired diameter. Fab* fragments of the antibody of the present 
invention can be conjugated to the liposomes as described in Martin et a] J. Biol. Chem., 257: 
286-288 (1982) via a disulfide-interchange reaction. A chemotherapeutic agent (such as 
Doxorubicin) is optionally contained within the liposome. See Gabizon et ah, J. National Cancer 
Inst., 81(19): 1484(1989). 

A pharmaceutical composition of the invention is formulated to be compatible with its 
intended route of administration. Examples of routes of administration include parenteral, e.g., 
intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal {Le., topical), 
transmucosal, and rectal administration. Solutions or suspensions used for parenteral, 
intradermal, or subcutaneous application can include the following components: a sterile diluent 
such as water for injection, saline solution, fixed oils, polyethylene glycols, glycerine, propylene 
glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens; 
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as 
ethylenediaminetetraacetic acid (EDTA); buffers such as acetates, citrates or phosphates, and 
agents for the adjustment of tonicity such as sodium chloride or dextrose. The pH can be 
adjusted with acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral 
preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of 
glass or plastic. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous solutions 
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation of 
sterile injectable solutions or dispersion. For intravenous administration, suitable carriers include 
physiological saline, bacteriostatic water, Cremophor EL™ (BASF, Parsippany, N.J.) or 
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phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be 
fluid to the extent that easy syringeability exists. It must be stable under the conditions of 
manufacture and storage and must be preserved against the contaminating action of 
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion medium 
5 containing, for example, water, ethanol, polyol (for example, glycerol, propylene glycol, and 
liquid polyethylene glycol, and the like), and suitable mixtures thereof The proper fluidity can 
be maintained, for example, by the use of a coating such as lecithin, by the maintenance of the 
required particle size in the case of dispersion and by the use of surfactants. Prevention of the 
action of microorganisms can be achieved by various antibacterial and antifungal agents, for 

10 example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as manitol, 
sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable 
compositions can be brought about by including in the composition an agent which delays 
absorption, for example, aluminum monostearate and gelatin. 

15 Sterile injectable solutions can be prepared by incorporating the active compound (e.g., a 

NOVX protein or anti-NOVX antibody) in the required amount in an appropriate solvent with 
one or a combination of ingredients enumerated above, as required, followed by filtered 
sterilization. Generally, dispersions are prepared by incorporating the active compound into a 
sterile vehicle that contains a basic dispersion medium and the required other ingredients from 

20 those enumerated above. In the case of sterile powders for the preparation of sterile injectable 
solutions, methods of preparation arc; vacuum drying and freeze-drying that yields a powder of 
the active ingredient plus any additional desired ingredient from a previously sterile-filtered 
solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. They can be 
25 enclosed in gelatin capsules.or compressed into tablets. For the purpose of oral therapeutic 

administration, the active compound can be incorporated with excipients and used in the form of 
tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier for use 
as a mouthwash, wherein the compound in the fluid carrier is applied orally and swished and 
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant 
30 materials can be included as part of the composition. The tablets, pills, capsules, troches and the 
like can contain any of the following ingredients, or compounds of a similar nature: a binder such 
as microcrystalline cellulose, gum tragacanih or gelatin; an excipient such as starch or lactose, a 
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disintegrating agent such as alginic acid, Primogel, or com starch; a lubricant such as magnesium 
stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as 
sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange 
flavoring. 

5 For administration by inhalation, the compounds are delivered in the form of an aerosol 

spray from pressured container or dispenser which contains a suitable propellant, e.g., a gas such 
as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated 
10 are used in the formulation. Such penetrants are generally known in the art, and include, for 
example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives. 
Transmucosal administration can be accomplished through the use of nasal sprays or 

j 

suppositories. For transdermal administration, the active compounds are formulated into 
ointments, salves, gels, or creams as generally known in the art. 
15 The compounds can also be prepared in the form of suppositories (e.g., with conventional 

suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal 
delivery. 

In one embodiment, the active compounds are prepared with carriers that will protect the 
compound against rapid elimination from the body, such as a controlled release formulation, 

20 including implants and microencapsulated delivery systems. Biodegradable, biocompatible 
polymers can be xised, such as ethylene vinyl acetate, polyanhydrides, polyglycoHc acid, 
collagen, polyorthoesters, and poly lactic acid. Methods for preparation of such formulations will 
be apparent to those skilled in the art. The materials can also be obtained commercially from 
Alza Corporation and Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes 

25 targeted to infected cells with monoclonal antibodies to viral antigens) can also be used as 

pharmaceutically acceptable carriers. These can be prepared according to methods known to 
those skilled in the art, for example, as described in U.S. Patent No. 4,522,81 1. 

It is especially advantageous to formulate oral or parenteral compositions in dosage unit 
form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers 

30 to physically discrete units suited as unitary dosages for the subject to be treated; each imit 
containing a predetermined quantity of active compound calculated to produce the desired 
therapeutic effect in association with the required pharmaceutical carrier. The specification for 

107 



BNSDOCID: <WO_0151632A^L> 



wo 01/51632 



PCTAJSOl/01513 



the dosage unit forms of the invention are dictated by and directly dependent on the unique 
characteristics of the active compound and the particular therapeutic effect to be achieved, and 
the limitations inherent in the art of compounding such an active compound for the treatment of 
individuals. 

5 The nucleic acid molecules of the invention can be inserted into vectors and used as gene 

• therapy vectors. Gene therapy vectors can be delivered to a subject by, for example, intravenous 
injection, local administration {see, e.g., U.S. Patent No. 5,328,470) or by stereotactic injection 
(see, e.g., Chen, ei aL, 1994. Proc. Nad Acad. ScL USA9\ : 3054-3057). The pharmaceutical 
preparation of the gene therapy vector can include the gene therapy vector in an acceptable 
10 diluent, or can comprise a slow release matrix in which the gene delivery vehicle is imbedded. 

Altematively, where the complete gene delivery vector can be produced intact from recombinant 
' cells, e.g., retroviral vectors, the pharmaceutical preparation can include one or more cells that 
produce the gene delivery system. 

Antibodies specifically binding a protein of the invention, as well as other molecules 
15 identified by the screening assays disclosed herein, can be administered for the treatment of 
various disorders in the form of pharmaceutical compositions. Principles and considerations 
involved in preparing such compositions, as well as guidance in the choice of components are 
provided, for example, in Remington : The Science And Practice Of Pharmacy 19th ed. (Alfonso 
R. Gennaro, et al., editors) Mack Pub. Co., Easton, Pa. : 1995; Drug Absorption Enhancement : 
20 Concepts, Possibilities, Limitations, And Trends, Harwood Academic Publishers, Langhome, 
Pa., 19a4; and Peptide And Protein Drug Delivery (Advances In Parenteral Sciences, Vol. 4), 
1991, M. Dekker, New York. If the antigenic protein is intracellular and whole antibodies are 
used as inhibitors, internalizing antibodies are prefen^. However, liposomes can also be used 
to deliver the antibody, or an antibody fragment, into cells. Where antibody fragments are used, 
25 the smallest inhibitory fragment that specifically binds to the binding domain of the target 
protein is preferred. For example, based upon the variable-region sequences of an antibody, 
peptide molecules can-be designed that retain the ability to bind the target protein sequence. 
Such peptides can be synthesized chemically and/or produced by recombinant DNA technology. 
See, e.g., Marasco ei al., 1993 Proc. Natl, Acad ScL USA, 90: 7889-7893. The formulation 
30 herein can also contain more than one active compound as necessary for the particular indication 
being treated, preferably those with complementary activities that do not adversely affect each 
other. Alternatively, or in addition, the composition can comprise an agent that enhances its 
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function, such as, for example, a cytotoxic agent, cytokine, chemotherapeutic agent, or growth- 
inhibitory agent. Such molecules are suitably present in combination in amounts that are 
effective for the purpose intended. The active ingredients can also be entrapped in microcapsules 
prepared, for example, by coacervation techniques or by interfacial polymerization, for example, 
hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacrylate) microcapsules, 
respectively, in colloidal drug delivery systems (for example, liposomes, albumin microspheres, 
microemulsions, nano-particles, and nanocapsules) or in macroemulsions. 

The formulations to be used for iv vivo administration must be sterile. This is readily 
accomplished by filtration through sterile filtration membranes. 

Sustained-release preparations can be prepared. Suitable examples of sustained-release 
preparations include semipermeable matrices of solid hydrophobic polymers containing the 
antibody, which matrices are in the form of shaped articles, e.g., films, or microcapsules. 
Examples of sustained-release matrices include polyesters, hydrogels (for example, poly(2- 
hydroxyethyl-methacrylate), or poly (vinyl alcohol)), polylactides (U.S. Pat. No. 3,773,919), 
copolymers of L-glutamic acid and ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, 
degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT ™ (injectable 
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly- 
D-(-).3-hydroxybutyric acid. While polymers such as ethylene-vlnyl acetate and lactic acid- 
glycolic acid enable release of molecules for over 100 days, certain hydrogels release proteins for 
shorter time periods. 

The pharmaceutical compositions can be included in a container, pack, or dispenser 
together with instructions for administration. 

Screening and Detection Methods 

The isolated nucleic acid molecules of the invention can be used to express NOVX 
protein (e.g., via a recombinant expression vector in a host cell in gene therapy applications), to 
detect NOVX mRNA (e.g., in a biological sample) or a genetic lesion in a NOVX gene, and to 
modulate NOVX activity, as described fiirther, below. In addition, the NOVX proteins can be 
used to screen drugs or compounds that modulate the NOVX protein activity or expression as 
well as to treat disorders characterized by insufficient or excessive production of NOVX protein 
or production of NOVX protein forms that have decreased or aberrant activity compared to 
NOVX wild-type protein. In addition, the anti-NOVX antibodies of the invention can be used to 
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detect and isolate NOVX proteins and modulate NOVX activity. For example, NOVX activity 
includes growth and diflerentiation, antibody production, and tumor growth. 

The invention fiirther pertains to novel agents identified by the screening assays described 
herein and uses thereof for treatments as described, supra, 

5 

Screening Assays 

The invention provides a method (also referred to herein as a "screening assay") for 
identifying modulators, le,, candidate or test compounds or agents {e g,, peptides, 
peptidomimetics, small molecules or other drugs) that bind to NOVX proteins or have a 

10 stimulatory or inhibitory effect on, e.g., NOVX protein expression or NOVX protein activity. 
The invention also includes compounds identified in the screening assays described herein. 

In one embodiment, the invention provides assays for screening candidate or test 
compounds which bind to or modulate the activity of the membrane-bound form of a NOVX 
protein or polypeptide or biologically-active portion thereof The . test compounds of the 

1 5 invention can be obtained using any of the numerous approaches in combinatorial library 

methods known in the art, including: biological libraries; spatially addressable parallel solid 
phase or solution phase libraries; synthetic library methods requiring deconvolution; the 
"one-bead one-compound" library method; and synthetic library methods using affmity 
chromatography selection. The biological library approach is limited to peptide libraries, while 

20 the other four approaches are applicable to peptide, non-peptide oligomer or small molecule 
libraries of CQmpoiinds. .See, e.g.. Lam, \9Sn Anticancer Drug Design 12: 145. 

A "small molecule" as used herein, is meant to refer to a composition that has a molecular 
weight of less than about 5 kD and most preferably less than about 4 kD. Small molecules can 
be, e.g., nucleic acids, peptides, polypeptides, peptidomimetics, carbohydrates, lipids or other 

25 organic or inorganic-molecules. Libraries of chemical and/or biological mixtures, such as fungal, 
bacterial, or algal extracts, are known in the art and can be screened with any of the assays of the 
invention. 

Examples of methods for the synthesis of molecular libraries can be found in the art, for 
example in: DeWitt, et a/., 1993. Proc, Natl Acad. Sci. U.S.A. 90: 6909; Erb, et al, 1994. Proc. 
30 Natl. Acad. Sci. U.S.A. 91: 11422; Zuckermann, e/^r/., 1994. J. Med. Chem. 37: 2678; Cho, e/a/., 
1993. Science 261: 1303; Carrcll, et al, 1994. Angew. Chem. Int. Ed. Engl 33: 2059; Carell, et 
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al, 1994. Angew. Chem, Int. Ed. Engl 33: 2061; and Gallop, et aL, 1994. J. Med. Chem. 37: 
1233. 

Libraries of compounds may be presented in solution (e.g., Houghten, 1992. 
Biotechniques 13: 412-421), or on beads (Lam, 1991 . Nature 354: 82-84), on chips (Fodor, 1993. 

5 Nature 364: 555-556), bacteria (Ladner, U.S. Patent No. 5,223,409), spores (Ladner, U.S. Patent 
5,233,409), plasmids (Cull, et a/., 1992. Proc. Natl Acad. ScL USA 89: 1865-1869) or on phage 
(Scott and Smith, 1990. Science 249: 386-390; Devlin, 1990. Science 249: 404-406; Cwirla, et 
al, 1990. Proc. Natl Acad. ScL USA, 87: 6378-6382; Felici, 1991. 7. Mol Biol 222: 301-310; 
Ladner, U.S. Patent No. 5,233,409.). 

0 In one embodiment, an assay is a eel I -based assay in which a cell which expresses a 

membrane-bound form of NOVX protein, or a biologically-active portion thereof, on the cell 
surface is contacted with a test compound and the ability of the test compound to bind to a 

I 

NOVX protein determined. The cell, for example, can be of mammalian origin or a yeast cell. 
Determining the ability of the test compound to bind to the NOVX protein can be accomplished, 

5 for example, by coupling the test compound with a radioisotope or enzymatic label such that 
binding of the test compound to the NOVX protein or biologically-active portion thereof can be 
determined by detecting the labeled compound in a complex. For example, test compounds can 
be labeled with '"I, "S, ^''C, or ^H, either directly or indirectly, and the radioisotope detected by 
direct counting of radioemission or by scintillation counting. Alternatively, test compounds can 

) be enzymatically-labeled with, for example, horseradish peroxidase, alkaline phosphatase, or 
luciferase, and the enzymatic label detected by determination of conversion of an appropriate 
substrate to product. In one embodiment, the assay comprises contacting a cell which expresses 
a membrane-bound form of NOVX protein, or a biologically-active portion thereof, on the cell 
surface with a known compound which binds NOVX to form an assay mixture, contacting the 

> assay mixture with a test compound, and determining the ability of the test compound to interact 
-with a NOVX protein, wherein determining the ability of the test compound tainteract with a 

: NOVX protein comprises determining the ability of the test compound to preferentially bind to 
NOVX protein or a biologically-active portion thereof as compared to the known compound. 
In another embodiment, an assay is a cell-based assay comprising contacting a cell 

► expressing a membrane-bound form of NOVX protein, or a biologically-active portion thereof, 
on the cell surface with a test compound and determining the ability of the test compound to 
modulate {e.g., stimulate or inhibit) the activity of the NOVX protein or biologically-active 
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portion thereof. Determining the ability of the test compound to modulate the activity of NOVX 
or a biologically-active portion thereof can be accomplished, for example, by determining the 
ability of the NOVX protein to bind to or interact with a NOVX target molecule. As used herein, 
a "target molecule" is a molecule with which a NOVX protein binds or interacts in nature, for 
5 example, a molecule on the surface of a cell which expresses a NOVX interacting protein, a 
molecule on the surface of a second cell, a molecule in the extracellular milieu, a molecule 
associated with the internal surface of a cell membrane or a cytoplasmic molecule. A NOVX 
target molecule can .be a non-NOVX molecule or a NOVX protein or polypeptide of the 
invention In one embodiment, a NOVX target molecule is a component of a signal transduction 

10 pathway that facilitates transduction of an extracellular signal (e.g. a signal generated by binding 
of a compound to a membrane-bound NOVX molecule) through the cell membrane and into the 
cell. The target, for example, can be a second intercellular protein that has catalytic activity or a 
protein that facilitates the association of downstream signaling molecules v/ith NOVX. 

Determining the ability of the NOVX protein to bind to or interact with a NOVX target 

1 5 molecule can be accomplished by one of the methods described above for determining direct 

binding. In one embodiment, determining the ability of the NOVX protein to bind to or interact 
with a NOVX target molecule can be accomplished by determining the activity of the target 
molecule. For example, the activity of the target molecule can be determined by detecting 
induction of a cellular second messenger of the target (Le. intracellular Ca^*; diacylglycerol, IP3, 

20 etc.), detecting catalytic/enzymatic activity of the target an appropriate substrate, detecting the 
induction of a. reporter gene (comprising a NOVX-responsive regulatory element operatively 
linked to a nucleic acid encoding a detectable marker, e.g., luciferase), or detecting a cellular 
response, for example, cell survival, cellular differentiation, or cell proliferation. 

In yet another embodiment, an assay of the invention is a cell-free assay comprising 

25 contacting a NOVX. protein or biologically-active portion thereof with a test compound and 

determining the ability of the test compound to bind to the NOVX protein or biologically-active 
portion thereof. Binding of the test compound to the NOVX protein can be determined either 
directly or indirectly as described above. In one such embodiment, the assay comprises 
contacting the NOVX protein or biologically-active portion thereof with a known compound 

30 which binds NOVX to form an assay mixture, contacting the assay mixture with a test 

compound, and determining the ability of the test compound to interact with a NOVX protein, 
wherein determining the ability of the test compound to interact with a NOVX protein comprises 
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determining the ability of the test compound to preferentially bind to NOVX or biologically- 
active portion thereof as compared to the known compound. 

In still another embodiment, an assay is a cell-free assay comprising contacting NOVX 
protein or biologically-active portion thereof with a test compound and determining the ability of 
5 the test compound to modulate (e.g. stimulate or inhibit) the activity of the NOVX protein or 

biologically-active portion thereof Determining the ability of the test compound to modulate the 
activity of NOVX can be accomplished, for example, by determining the ability of the NOVX 
protein to bind to a NOVX target molecule by one of the methods described above for 
determining direct binding. In an alternative embodiment, determining the ability of the test 
1 0 compound to modulate the activity of NOVX protein can be accomplished by determining the 
ability of the NOVX protein further modulate a NOVX target molecule. For example, the 
catalytic/enzymatic activity of the target molecule on an appropriate substrate can be determined 

I 

as described above. 

In yet another embodiment, the cell-free assay comprises contacting the NOVX protein or 

1 5 biologically-active portion thereof with a known compound which binds NOVX protein to form 
an assay mixture, contacting the assay mixture with a test compound, and determining the ability 
of the test compound to interact with a NOVX protein, wherein determining the ability of the test 
compound to interact with a NOVX protein comprises determining the ability of the NOVX 
protein to preferentially bind to or modulate the activity of a NOVX target molecule. 

20 The cell-free assays of the invention are amenable to use of both the soluble form or the 

membrane-bound form of NOVX protein. In the case of cell-free assays comprising the 
membrane^bound form of NOVX protein, it may be desirable to utilize a solubilizing agent such 
that the membrane-bound form of NOVX protein is maintained in solution. Examples of such 
solubilizing agents include non-ionic detergents such as n-octylglucoside, n-dodecylglucoside, 

25 n-dodecylmaltoside, octanoyl-N-methylglucamide, decanoyl-N-methylglucamide, Triton® 
X-100, Triton* X-1 14, Thesit®, Isotridecypoly(ethylene glycol ether)„, N-dodecyl- 
N,N-dimethyl-3 -ammonio- 1 -propane sulfonate, 3-(3-cholamidopropyl) dimethylamminiol- 
1 -propane sulfonate (CHAPS), or 3-(3-cholamidopropyl)dimethylamminiol-2-hydroxy- 
1 -propane sulfonate (CHAPSO). 

30 In more than one embodiment of the above assay methods of the invention, it may be 

desirable to immobilize either NOVX protein or its target molecule to facilitate separation of 
complexed from uncomplexed forms of one or both of the proteins, as well as to accommodate 
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automation of the assay. Binding of a test compound to NOVX protein, or interaction of NOVX 
protein with a target molecule in the presence and absence of a candidate compound, can be 
accomplished in any vessel suitable for containing the reactants. Examples of such vessels 
include microliter plates, test tubes, and micro-centrifuge tubes. In one embodiment, a fusion 
protein can be provided that adds a domain that allows one or both of the proteins to be bound to 
a matrix. For example, GST-NOVX fusion proteins or GST-target fusion proteins can be 
adsorbed onto glutathione sepharose beads (Sigma Chemical, St. Louis, MO) or glutathione 
derivalized microliter plates, that are then combined with the test compound or the test 
compound and either the non-adsorbed target protein or NOVX protein, and the mixture is 
incubated under conditions conducive to complex formation (eg., at physiological conditions for 
salt and pH). Following incubation, the beads or microliter plate wells are washed to remove any 
unbound components, the matrix immobilized in the case of beads, complex determined either 
directly or indirectly, for example, as described, supra. Alternatively, the complexes can be 
dissociated from the matrix, and the level of NOVX protein binding or activity determined using 
standard techniques. 

Other techniques for immobilizing proteins on matrices can also be used in the screening 
assays of the invention. For example, either the NOVX protein or its target molecule can be 
immobilized utilizing conjugation of biotin and streptavidin. Biotinylated NOVX protein or 
target molecules can be prepared from biotin-NHS (N-hydroxy-succinimide) using techniques 
well-knov^oi within the art (e.g., biotinylation kit. Pierce Chemicals, Rockford, 111.), and 
immobilized in the wells of streptavidin-coated 96 well plates (Pierce Chemical). Alternatively, 
antibodies reactive with NOVX protein or target molecules, but which do not interfere with 
binding of the NOVX protein to its target molecule, can be derivatized to the wells of the plate, 
and unbound target or NOVX protein trapped in the wells by antibody conjugation. Methods for 
detecting such complexes, in addition to those described above for the GST-immobilized 
complexes, include immunodetection of complexes using antibodies reactive with the NOVX 
protein or target molecule, as well as enzyme-linked assays that rely on detecting an enzymatic 
activity associated with the NOVX protein or target molecule. 

In another embodiment, modulators of NOVX protein expression are identified in a 
method wherein a cell is contacted with a candidate compound and the expression of NOVX 
mRNA or protein in the cell is determined. The level of expression of NOVX tnRNA or protein 
in the presence of the candidate compoimd is compared to the level of expression of NOVX 
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mRNA or protein in the absence of the candidate compound. The candidate compound can then 
be identified as a modulator of NOVX mRNA or protein expression based upon this comparison. 
For example, when expression of NOVX mRNA or protein is greater (/.e., statistically 
significantly greater) in the presence of the candidate compound than in its absence, the 
candidate compound is identified as a stimulator of NOVX mRNA or protein expression. 
Alternatively, when expression of NOVX mRNA or protein is less (statistically significantly 
less) in the presence of the candidate compound than in its absence, the candidate compound is 
identified as an inhibitor of NOVX mRNA or protein expression. The level of NOVX mRNA or 
protein expression in the cells can be determined by methods described herein for detecting 
NOVX mRNA or protein. 

In yet another aspect of the invention, the NOVX proteins can be used as "bait proteins" 
in a two-hybrid assay or three hybrid assay (see, e.g., U.S. Patent No. 5,283,317; Zervos, et aL, 
1 993. Cell 72: 223-232; Madura, et a/., 1993. J. Biol Chem, 268: 12046-12054; Bartel, et a/., 
1993. Biotechniques 14: 920-924; Iwabuchi, et al, 1993. Oncogene 8: 1693-1696; and Brent 
WO 94/10300), to identify other proteins that bind to or interact vvith NOVX ("NOVX-binding 
proteins" or "NOVX-bp") and modulate NOVX activity. Such NOVX-binding proteins are also 
likely to be involved in the propagation of signals by the NOVX proteins as, for example, 
upstream or downstream elements of the NOVX pathway. 

The two-hybrid system is based on the modular nature of most transcription factors, 
which consist of separable DNA-binding and activation domains. Briefly, the assay utilizes two 
different DNA constructs. In one construct, the gene that codes for NOVX is fused to a gene 
encoding the DNA binding domain of a knovm transcription factor (e.g., GAL-4). In the other 
construct, a DNA sequence, from a library of DNA sequences, that encodes an unidentified 
protein ("prey" or "sample") is fused to a gene that codes for the activation domain of the known 
transcription factor. If the "bait" and the "prey" proteins are able tb interact, in vivo, forming a 
NOVX-dependent complex, the DNA-binding and activation domains of the transcription factor 
are brought into close proximity. This proximity allows transcription of a reporter gene (e.g., 
LacZ) that is operably linked to a transcriptional regulatory site responsive to the transcription 
factor. Expression of the reporter gene can be detected and cell colonies containing the 
functional transcription factor can be isolated and used to obtain the cloned gene that encodes the 
protein which interacts with NOVX. 
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The invention further pertains to novel agents identified by the aforementioned screening 
assays and uses thereof for treatments as described herein. 

Detection Assays 

5 Portions or fragments of the cDNA sequences identified herein (and the corresponding 

complete gene sequences) can be used in numerous ways as polynucleotide reagents. By way of 
example, and not of limitation, these sequences can be used to: (/) identify an individual from a 
minute biological sample (tissue typing); and {ii) aid in forensic identification of a biological 
sample. Some of these applications are described in the subsections, below. 

10 

Tissue Typing 

The NOVX sequences of the invention can be used to identify individuals from minute 
biological samples. In this technique, an individual's genomic DNA is digested with one or more 
restriction enzymes, and probed on a Southern blot to yield unique bands for identification. The 

15 sequences of the invention are useflil as additional DNA markers for RFLP ("restriction fragment 
length polymorphisms," described in U.S. Patent No. 5,272,057). 

Furthermore, the sequences of the invention can be used to provide an alternative 
technique that determines the actual base-by-base DNA sequence of selected portions of an 
individual's genome. Thus, the NOVX sequences described herein can be used to prepare two 

20 PGR primers from the 5*- and 3'-termini of the sequences. These primers can then be used to 
amplify an individual's DNA and subsequently sequence it. 

Panels of corresponding DNA sequences from individuals, prepared in this manner, can 
provide unique individual identifications, as each individual will have a unique set of such DNA 
sequences due to allelic differences. The sequences of the invention can be used to obtain such 

25 identification sequences from individuals and from tissue. The NOVX sequences of the 

invention imiquely represent portions of the human genome. Allelic variation occurs to some 
degree in the codmg regions of these sequences, and to a greater degree in the noncoding regions. 
It is estimated that allelic variation between individual humans occurs with a frequency of about 
once per each 500 bases. Much of the allelic variation is due to single nucleotide polymorphisms 

30 (SNPs), which include restriction fragment length polymorphisms (RFLPs). 

Each of the sequences described herein can, to some degree, be used as a standard against 
which DNA from an individual can be compared for identification purposes. Because greater 
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numbers of polymorphisms occur in the noncoding regions, fewer sequences are necessary to 
differentiate individuals. The noncoding sequences can comfortably provide positive individual 
identification with a panel of perhaps 1 0 to 1 ,000 primers that each yield a noncoding amplified 
sequence of 100 bases. If predicted coding sequences, such as those in SEQ ID NO: 1, 3, 5, 7, 9 
1 1, 13, 15, 1 7, 19, 21, 23 or 25 are used, a more appropriate number of primers for positive 
individual identification would be 500-2,000. 

Predictive Medicine 

The invention also pertains to the field of predictive medicine in which diagnostic assays, 
prognostic assays, pharmacogenomics, and monitoring clinical trials are used for prognostic 
(predictive) purposes to thereby treat an individual prophylactically. Accordingly, one aspect of 
the invention relates to diagnostic assays for determining NOVX protein and/or nucleic acid 
expression as well as NOVX activity, in the context of a biological sample (e.g., blood, serum, 
cells, tissue) to thereby determine whether an individual is afflicted with a disease or disorder, or 
is at risk of developing a disorder, associated with aberrant NOVX expression or activity. 
Disorders associated with aberrant NOVX expression of activity include, for example, disorders 
of olfactory loss, e,g. trauma, HIV illness, neoplastic growth, and neurological disorders, e.g. 
Parkinson's disease and Alzheimer's disease. 

The invention also provides for prognostic (or predictive) assays for determining whether 
an individual is at risk of developing a disorder associated with NOVX protein, nucleic acid 
expression or activity. For example, mutations in a NOVX gene can be assayed in a biological 
sample. Such assays can be used for prognostic or predictive purpose to thereby prophylactically 
treat an individual prior to the onset of a disorder characterized by or associated with NOVX 
protein, nucleic acid expression, or biological activity. 

Another aspect of the invention provides methods for determining NOVX protein, nucleic 
acid expression or activity in an individual to thereby seject appropriate therapeutic or 
prophylactic agents for that individual (referred to herein as "pharmacogenomics"). 
Pharmacogenomics allows for the selection of agents (e.g., drugs) for therapeutic or prophylactic 
treatment of an individual based on the genotype of the individual (e.g., the genotype of the 
individual examined to determine the ability of the individual to respond to a particular agent.) 

Yet another aspect of the invention pertains to monitoring the influence of agents (e.g., 
drugs, compounds) on the expression or activity of NOVX in clinical trials. 
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These and other agents are described in further detail in the following sections. 
Diagnostic Assays 

An exemplary method for detecting the presence or absence of NOVX in a biological 

5 sample involves obtaining a biological sample from a test subject and contacting the biological 
sample with a compound or an agent capable of detecting NOVX protein or nucleic acid (e.g., 
mRNA, genomic DNA) that encodes NOVX protein such that the presence of NOVX is detected 
in the biological sample. An agent for detecting NOVX mRNA or genomic DNA is a labeled 
nucleic acid probe capable of hybridizing to NOVX mRNA or genomic DNA. The nucleic acid 

10 probe can be, for example, a full-length NOVX nucleic acid, such as the nucleic acid of SEQ ID 
NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, or a portion thereof, such as an oligonucleotide 
' of at least 1 5, 30, 50, 100, 250 or 500 nucleotides in length and sufficient to specifically 

hybridize under stringent conditions to NOVX mRNA or genomic DNA. Other suitable probes 
for use in the diagnostic assays of the invention are described herein. 

1 5 One agent for detecting NOVX protein is an antibody capable of binding to NOVX 

protein, preferably an antibody with a delectable label. Antibodies directed against a protein of 
the invention may be used in methods knovsoi within the art relating to the localization and/or 
quantitation of the protein (e.g., for use in measuring levels of the protein within appropriate 
physiological samples, for use in diagnostic methods, for use in imaging the protein, and the 

20 like). In a given embodiment, antibodies against the proteins, or derivatives, fragments, analogs 
or homologs thereof, that contain the antigen binding domain, are utilized as 
pharmacologically-active compounds. 

An antibody specific for a protein of the invention can be used to isolate the protein by 
standard techniques, such as immunoaffmity chromatography or immunoprecipitation. Such an 

25 antibody can facilitate the purification of the natural protein antigen from cells and of 

recombinantly produced antigen expressed in host cells. Moreover, such an antibody can be us© 
to detect the antigenic protein (e.g., in a cellular lysate or cell supernatant) in order to evaluate 
the abundance and pattern of expression of the antigenic protein. Antibodies directed against the 
protein can be used diagnostically to monitor protein levels in tissue as part of a clinical testing 

30 procedure, e.g., to, for example, determine the efficacy of a given treatment regimen. Detection 
can be facilitated by coupling (i.e., physically linking) the antibody to a detectable substance. 
Examples of detectable substances include various enzymes, prosthetic groups, fluorescent 
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materials, luminescent materials, bioluminescent materials, and radioactive materials. Examples 
of suitable enzymes include horseradish peroxidase, alkaline phosphatase, p-galactosidase, or 
acetylcholinesterase; examples of suitable prosthetic group complexes include streptavidinA>iotin 
and avidin/biotin; examples of suitable fluorescent materials include umbelliferone, fluorescein, 
fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or 
phycoerythrin; an example of a luminescent material includes luminol; examples of 
bioluminescent materials include luciferase, luciferin, and aequorin, and examples of suitable 
radioactive material include '^'1, "S or 'H. 

Antibodies can be polyclonal, or more preferably, monoclonal. An intact antibody, or a 
fragment thereof (e.g.. Fab or F(ab%) can be used. The term "labeled", with regard to the probe 
or antibody, is intended to encompass direct labeling of the probe or antibody by coupling (/.e.. 
physically linking) a detectable substance to the probe or antibody, as well as indirect labeling of 
the probe or antibody by reactivity with another reagent that is directly labeled. Examples of 
indirect labeling include detection of a primary antibody using a fluorescently-labeled secondary 
1 5 antibody and end-labeling of a DNA probe with biotin such that it can be detected vWth 

fluorescently-labeled streptavidin. The term "biological sample" is intended to include tissues, 
cells and biological fluids isolated from a subject, as well as tissues, cells and fluids present 
within a subject. That is, the detection method of the invention can be used to detect NOVX 
mRNA, protein, or genomic DNA in a biological sample in vitro as well as in vivo. For example, 
20 in vitro techniques for detection of NOVX mRNA include Northern hybridizations and in situ 
hybridizations. In vitro techniques for detection of NOVX protein include enzyme linked 
immunosorbent assays (ELISAs), Western blots, immunoprecipitations, and 
immunofluorescence. In vitro techniques for detection of NOVX genomic DNA include 
Southern hybridizations. Furthermore, in vivo techniques for detection of NOVX protein include 
25 introducing into a subject a labeled anti-NOVX antibody. For example, the antibody can be 
labeled-with a radioactive marker-whose presence and location-in a subject can be detected by 
standard imaging techniques. . - 

In one embodiment, the biological sample contains protein molecules from the test 
subject Alternatively, the biological sample can contain mRNA molecules from the test subject 
or genomic DNA molecules from the test subject. A preferred biological sample is a peripheral 
blood leukocyte sample isolated by conventional means from a subject. 



30 
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In one embodiment, the methods fiirther involve obtaining a control biological sample 
from a control subject, contacting the control sample with a compound or agent capable of 
detecting NOVX protein, mRNA, or genomic DNA, such that the presence of NOVX protein, 
mRNA or genomic DNA is detected in the biological sample, and comparing the presence of 
NOVX protein, mRNA or genomic DNA in the control sample with the presence of NOVX 
protein, mRNA or genomic DNA in the test sample. 

The invention also encompasses kits for detecting the presence of NOVX in a biological 
sample. For example, the kit can comprise: a labeled compound or agent capable of detecting 
NOVX protein or mRNA in a biological sample; means for determining the amount of NOVX in 
the sample; and means for comparing the amount of NOVX in the sample with a standard. The 
compound or agent can be packaged in a suitable container. The kit can further comprise 
instructions for using the kit to detect NOVX protein or nucleic acid. 

Prognostic Assays 

The diagnostic methods described herein can furthermore be utilized to identify subjects 
having or at risk of developing a disease or disorder associated with aberrant NOVX expression 
or activity. For example, the assays described herein, such as the preceding diagnostic assays or 
the following assays, can be utilized to identify a subject having or at risk of developing a 
disorder associated with NOVX protein, nucleic acid expression or activity. Such disorders 
include for example, disorders of olfactory loss, e.g. trauma, HIV illness, neoplastic growth, and 
neurological disorders, e.g. Parkinson's disease and Alzheimer's disease. 

Alternatively, the prognostic assays can be utilized to identify a subject having or at risk 
for developing a disease or disorder. Thus, the invention provides a method for identifying a 
disease or disorder associated with aberrant NOVX expression or activity in which a test sample 
is obtained from a subject and NOVX protein or nucleic acid (e.g., mRNA, genomic DNA) is 
detected, wherein the presence of NOVX protein or nucleic acid is diagnostic for a subject 
haying or at risk of developing a disease or disorder associated with aberrant NOVX expression 
or activity. As used herein, a "test sample" refers to a biological sample obtained from a subject 
of interest. For example, a test sample can be a biological fluid (e.g., serum), cell sample, or 
tissue. 

Furthermore, the prognostic assays described herein can be used to determine whether a 
subject can be administered an agent (e.g., an agonist, antagonist, peptidomimetic, protein, 

120 



wo 01/51632 



PCT/USOl/01513 



peptide, nucleic acid, small molecule, or other drug candidate) to treat a disease or disorder 
associated with aberrant NOVX expression or activity. For example, such methods can be used 
to determine whether a subject can be effectively treated vnth an agent for a disorder Thus, the 
invention provides methods for determining whether a subject can be effectively treated with an 
5 agent for a disorder associated wdth aberrant NOVX expression or activity in which a test sample 
is obtained and NOVX protein or nucleic acid is detected (e.g,^ wherein the presence of NOVX 
protein or nucleic acid is diagnostic for a subject that can be administered the agent to treat a 
disorder associated with aberrant NOVX expression or activity). 

The methods of the invention can also be used to detect genetic lesions in a NOVX gene, 

10 thereby determining if a subject with the lesioned gene is at risk for a disorder characterized by 
aberrant cell proliferation and/or differentiation. In various embodiments, the methods include 
detecting, in a sample of cells from the subject, the presence or absence of a genetic lesion 
characterized by at least one of an alteration affecting the integrity of a gene encoding a 
NOVX-protein, or the misexpression of the NOVX gene. For example, such genetic lesions can 

1 5 be detected by ascertaining the existence of at least one of: (0 a deletion of one or more 

nucleotides from a NOVX gene; (if) an addition of one or more nucleotides to a NOVX gene; 
iiii) a substitution of one or more nucleotides of a NOVX gene, (/v) a chromosomal 
rearrangement of a NOVX gene; (v).an alteration in the level of a messenger RNA transcript of a 
NOVX gene, (v/) aberrant modification of a NOVX gene, such as of the methylation pattern of 

20 the genomic DNA, (v//) the presence of a non-wild-type splicing pattern of a messenger RNA 
transcript of a NOVX gene, (vm") a non-wrild-type level of a NOVX protein, (ix) allelic loss of a 
NOVX gene, and (jc) inappropriate post-translational modification of a NOVX protein. As 
described herein, there are a large number of assay techniques known in the art which can be 
used for detecting lesions in a NOVX gene. A preferred biological sample is a peripheral blood 

25 leukocyte sample isolated by conventional means from a subject. However, any biological 
sample containing nucleated cells may be used, including, for example, buccal mucosal cells. 

In certain embodiments, detection of the lesion involves the use of a probe/primer in a 
polymerase chain reaction (PGR) (see, e.g., U.S. Patent Nos. 4,683, 1 95 and 4,683,202), such as 
anchor PGR or RAGE PGR, or, alternatively, in a ligation chain reaction (LCR) (see, e,g,, 

30 Landegran, et al,, 1988. Science 241 : 1 077-1080; and Nakazawa, er al,, 1994. Proc. Natl Acad. 

Sci. USA 91 : 360-364), the latter of which can be particularly useful for detecting point mutations 
in the NOVX-gene (see, Abravaya, et aL, 1995. NucL Acids Res. 23: 675-682). This method can 

121 



BMSOOaO: <WO ^0151632A?_I_> 



wo 01/51632 



PCTAJSOl/01513 



include the steps of collecting a sample of cells from a patient, isolating nucleic acid (e.g., 
genomic, mRNA or both) from the cells of the sample, contacting the nucleic acid sample with 
one or more primers that specifically hybridize to a NOVX gene under conditions such that 
hybridization and amplification of the NOVX gene (if present) occurs, and detecting the presence 
5 or absence of an amplification product, or detecting the size of the amplification product and 
comparing the length to a control sample. It is anticipated that PGR and/or LCR may be 
desirable to use as a preliminary amplification step in conjunction with any of the techniques 
used for detecting mutations described herein. 

Alternative amplification methods include: self sustained sequence replication {see, 

10 Guatelli, et al, 1990. Proc. Natl. Acad. ScL USA 87: 1874-1878), transcriptional amplification 
system (see, Kwoh, e/ a/., 1989. Froc, Natl Acad. ScL USA 86: 1 173-1 177); QP Replicase {see, 
Lizardi, et al, 1 988. BioTechnplogy 6: 1 1 97), or any other nucleic acid amplification method, 
followed by the detection of the amplified molecules using techniques well known to those of 
skill in the art. These detection schemes are especially useful for the detection of nucleic acid 

15 molecules if such molecules are present in very low numbers. 

In an alternative embodiment, mutations in a NOVX gene from a sample cell can be 
identified by alterations in restriction enzyme cleavage patterns. For exaiiipie, sample and 
control DNA is isolated, amplified (optionally), digested with one or more restriction 
endonucleases, and fragment length sizes are determined by gel electrophoresis and compared. 

20 Differences in fragment length sizes between sample and control DNA indicates mutations in the 
sample DNA. Moreover, the use of sequence specific ribozymes {see, e.g., U.S. Patent No. 
5,493,531) can be used to score for the presence of specific mutations by development or loss of 
a ribozyme cleavage site. 

In other embodiments, genetic mutations in NOVX can be identified by hybridizing a 

25 sample and control nucleic acids, eg., DNA or RNA, to high-density arrays containing himdreds 
or thousands of oligonucleotides probes. See, e.g., Cronin, et aLy 1 996. Human Mutation 7: 
244-255; Kozal, et aL, 1 996. Nat. Med 2: 753-759. For example, genetic mutations in NOVX 
can be identified in two dimensional arrays containing light-generated DNA probes as described 
in Cronin, et al., supra. Briefly, a first hybridization array of probes can be used to scan through 

30 long stretches of DNA in a sample and control to identify base changes between the sequences 
by making linear arrays of sequential overlapping probes. This step allows the identification of 
point mutations. Tliis is followed by a second hybridization array that allows the 
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characterization of specific mutations by using smaller, specialized probe arrays complementary 
to all variants or mutations detected. Each mutation array is composed of parallel probe sets, one 
complementary to the wild-type gene and the other complementary to the mutant gene. 

In yet another embodiment, any of a variety of sequencing reactions known in the art can 
be used to directly sequence the NOVX gene and detect mutations by comparing the sequence of 
the sample NOVX with the corresponding wild-type (control) sequence. Examples of 
sequencing reactions include those based on techniques developed by Maxim and Gilbert, 1977. 
Proc. Natl Acad. Sci. USA 74: 560 or Sanger, 1977. Proc, Natl Acad, Sol USA 74: 5463. It is 
also contemplated that any of a variety of automated sequencing procedures can be utilized when 
performing the diagnostic assays {see, e.g., Naeve, et aL, 1995. Biotechniques 19: 448), including 
sequencing by mass spectrometry (see, e.g., PCT International Publication No. WO 94/16101; 
Cohen, et aL, 1996. Adv. Chromatography 36: 127-162; and Griffin, et aL, 1993. AppL Biochem. 
BiotechnoL 38: 147-159). 

Other methods for detecting mutations in the NOVX gene include methods in which 
protection from cleavage agents is used to detect mismatched bases in RNA/RNA or RNA/DNA 
heteroduplexes. See, e.g., Myers, et aL, 1985. Science 230: 1242. In general, the art technique of 
"mismatch cleavage" starts by providing heteroduplexes of formed by hybridizing (labeled) RNA 
or DNA containing the wild-type NOVX sequence with potentially mutant RNA or DNA 
obtained fix)m a tissue sample. The double-stranded duplexes are treated with an agent that 
cleaves single-stranded regions of the duplex such as which will exist due to basepair 
mismatches between the control and sample strands. For instance, RNA/DNA duplexes can be 
treated with RNase and DNA/DNA hybrids treated with S, nuclease to enzymatically digesting 
the mismatched regions. In other embodiments, either DNA/DNA or RNA/DNA duplexes can 
be treated with hydroxylamine or osmium tetroxide and with piperidine in order to digest 
mismatched regions. After digestion of the mismatched regions, the resulting material is then 
separated by size on denaturing polyacrylamide gels to determine the site of mutation. See, e.g.. 
Cotton, et al, 1988. Proc. Natl Acad. Sci. USA 85: 4397; Saleeba, et al, 1992. Methods 
Enzymol. 217: 286-295. In an embodiment, the control DNA or RNA can be labeled for 
detection. 

In still another embodiment, the mismatch cleavage reaction employs one or more 
proteins that recognize mismatched base pairs in double-stranded DNA (so called "DNA 
mismatch repair" enzymes) in defined systems for detecting and mapping point mutations in 
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NOVX cDNAs obtained from samples of cells. For example, the mutY enzyme ofK coli 
cleaves A at G/A mismatches and the thymidine DNA glycosylase from HeLa cells cleaves T at 
G/T mismatches. See, e.g., Hsu, etal., 1994. Carcinogenesis 15: 1657-1662. According to an 
exemplary embodiment, a probe based on a NOVX sequence, e.g., a wild-type NOVX sequence, 
is hybridized to a cDNA or other DNA product from a test cell(s). The duplex is treated with a 
DNA mismatch repair enzyme, and the cleavage products, if any, can be detected from 
electrophoresis protocols or the like. See, e.g., U.S. Patent No. 5,459,039. 

In other embodiments, alterations in electrophoretic mobility will be used to identily 
mutations in NOVX genes. For example, single strand conformation polymorphism (SSCP) may 
be used to detect differences in electrophoretic mobility between mutant and wild type nucleic 
acids. See, e.g., Orita, et al., 1989. Proc. Natl Acad. Sci. USA: 86: 2766; Cotton, 1993. Mutat. 
Res. 285: 125-144; Hayashi, 1992. Genet. Anal Tech. Appl 9: 73-79. Single-stranded DNA 
fragments of sample and control NOVX nucleic acids will be denatured and allowed to renature. 
The secondary structure of single-stranded nucleic acids varies according to sequence, the 
resulting alteration in electrophoretic mobility enables the detection of even a single base change. 
The DNA fragments may be labeled or detected with labeled probes. The sensitivity of the assay 
may be enhanced by using RNA (rather than DNA), in which the second^ structure is more 
sensitive to a change in sequence. In one embodiment, the subject method utilizes heteroduplex 
analysis to separate double stranded heteroduplex molecules on the basis of changes in 
electrophoretic mobility. See, e.g.. Keen, etal., 1991. Trends Genet. 7: 5. 

In yet another embodiment, the movement of mutant or wild-type fragments in 
polyacrylamide gels containing a gradient of denaturant is assayed using denaturing gradient gel 
electrophoresis (DGGE). See, e.g., Myers, et al, 1985. Nature 313: 495. When DGGE is used 
as the method of analysis, DNA will be modified to insure that it does not completely denature, 
for example by-adding a GC clamp of approximately 40 bp of high-melting GC-rich DNA by 
PGR. In a further embodiment, a temperature gradient is used in place of a denaturing gradient 
to identify differences in the mobility of control and sample DNA. See, e.g., Rosenbaum and 
Reissner, 1987. Biophys. Chem. 265: 12753. 

Examples of other techniques for detecting point mutations include, but are not limited to, 
selective oligonucleotide hybridization, selective amplification, or selective primer extension. 
For example, oligonucleotide primers may be prepared in which the known mutation is placed 
centrally and then hybridized to target DNA under conditions that permit hybridization only if a 
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perfect match is found. See, e.g., Saiki, el al, 1 986. Nature 324: 1 63 ; Saiki, et aL, 1 989. Proc, 
Natl Acad, Scl USA 86: 6230. Such allele specific oligonucleotides are hybridized to PGR 
amplified target DNA or a number of different mutations when the oligonucleotides are attached 
to the hybridizing membrane and hybridized with labeled target DNA. 
5 Alternatively, allele specific amplification technology that depends on selective PGR 

amplification may be used in conjunction with the instant invention. Oligonucleotides used as 
primers for specific amplification may carry the mutation of interest in the center of the molecule 
(so that amplification depends on differential hybridization; see, e,g., Gibbs, et al,^ 1989. Nucl. 
Acids Res. 1 7: 2437-2448) or at the extreme 3'-terminus of one primer where, under appropriate 
10 conditions, mismatch can prevent, or reduce polymerase extension {see, e.g., Prossner, 1993. 
Tibtech 1 1 : 238). In addition it may be desirable to introduce a novel restriction site in the 
region of the mutation to create cleavage-based detection. See, e.g., Gasparini, et ah, 1992. Mol. 

I 

Cell Probes 6:1. It is anticipated that in certain embodiments amplification may also be 
performed using Tag ligase for amplification. See, e.g., Barany, 1991 . Proc. Natl. Acad. Scl 

1 5 USA 88:1 89. In such cases, ligation will occur only if there is a perfect match at the 3-terminus 
of the 5' sequence, making it possible to detect the presence of a known mutation at a specific 
site by looking for the presence or absence of amplification. 

The methods described herein may be performed, for example, by utilizing pre-packaged 
diagnostic kits comprising at least one probe nucleic acid or antibody reagent described herein, 

20 which may be conveniently used, e.g., in clinical settings to diagnose patients exhibiting 
symptoms or family history of a disease or illness involving a NOVX gene. 

Furthermore, any cell type or tissue, preferably peripheral blood leukocytes, in which 
NOVX is expressed may be utilized in the prognostic assays described herein. However, any 
biological sample containing nucleated cells may be used, including, for example, buccal 

2S mucosal cells. 

_Pharnia€ogenoinics . 

Agents, or modulators that have a stimulatory or inhibitory effect on NOVX activity (eg., 
NOVX gene expression), as identified by a screening assay described herein can be administered 
to individuals to treat (prophylactically or therapeutically) disorders {e.g. disorders of olfactory 

30 loss, e.g. trauma, HIV illness, neoplastic growth, and neurological disorders, e.g. Parkinson's 
disease and Alzheimer's disease). In conjunction with such treatment, the pharmacogenomics 
(/.e., the study of the relationship between an individual's genotype and that individual's response 
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to a foreign compound or drug) of the individual may be considered. Differences in metabolism 
of therapeutics can lead to severe toxicity or therapeutic failure by altering the relation between 
dose and blood concentration of the pharmacologically active drug. Thus, the 
pharmacogenomics of the individual permits the selection of effective agents (e.g., drugs) for 
5 prophylactic or therapeutic treatments based on a consideration of the individuaFs genot>'pe. 
Such pharmacogenomics can further be used to determine appropriate dosages and therapeutic 
regimens. Accordingly, the activity of NOVX protein, expression of NOVX nucleic acid, or 
mutation content of NOVX genes in an individual can be determined to thereby select 
appropriate agent(s) for therapeutic or prophylactic treatment of the individual. 

10 Pharmacogenomics deals udth clinically significant hereditary variations in the response 

to drugs due to altered drug disposition and abnormal action in affected persons. See e.g., 
Eichelbaum, 1996. Clin. Exp. Pharmacol. Physiol.^ 23: 983-985; Linder, 1997. Clin. Chem., 43: 
254-266. In general, two types of pharmacogenetic conditions can be differentiated. Genetic 
conditions transmitted as a single factor altering the way drugs act on the body (altered drug 

15 action) or genetic conditions transmitted as single factors altering the way the body acts on drugs 
(altered drug metabolism). These pharmacogenetic conditions can occur either as rare defects or 
as polymorphisms. For example, glucose-6-phosphate dehydrogenase (G6PD) deficiency is a 
common inherited enzymopathy in which the main clinical complication is hemolysis after 
ingestion of oxidant drugs (anti-malarials, sulfonamides, analgesics, nitrofurans) and 

20 consumption of fava beans. 

As an illustrative embodiment, the activity of drug metabolizing enzymes is a major 
determinant of both the intensity and duration of drug action. The discovery of genetic 
polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2 (NAT 2) and 
cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an explanation as to why some 

25 patients do not obtain the expected drug effects or show exaggerated drug response and serious 
toxicity after taking the standard and safe dose of a drug. These polymorphisms are expressed in 
two phenotypes in the population, the extensive metabolizer (EM) and poor metabolizer (PM), 
The prevalence of PM is different among dilferent populations. For example, the gene coding 
for CYP2D6 is highly polymorphic and several mutations have been identified in PM, which all 

30 lead to the absence of fimctional C YP2D6. Poor metabolizers of CYP2D6 and C YP2C 1 9 quite 
fi-equently experience exaggerated drug response and side effects when they receive standard 
doses. If a metabolite is the active therapeutic moiety, PM show no therapeutic response, as 
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demonstrated for the analgesic effect of codeine mediated by its CYP2D6-formed metabolite 
morphine. At the other extreme are the so called ultra-rapid metabolizers who do not respond to 
standard doses. Recently, the molecular basis of ultra-rapid metabolism has been identified to be 
due to CYP2D6 gene amplification. 

Thus, the activity of NOVX protein, expression of NOVX nucleic acid, or mutation 
content of NOVX genes in an individual can be determined to thereby select appropriate agent(s) 
for therapeutic or prophylactic treatment of the individual. In addition, pharmacogenetic studies 
can be used to apply genotyping of polymorphic alleles encoding drug-metabolizing enzymes to 
the identification of an individual's drug responsiveness phenotype. This knowledge, when 
applied to dosing or drug selection, can avoid adverse reactions or therapeutic failure and thus 
enhance therapeutic or prophylactic efficiency when treating a subject with a NOVX modulator, 
such as a modulator identified by one of the exemplary screening assays described herein. 

Monitoring of Effects During Clinical Trials 

Monitoring the influence of agents (e.g., drugs, compounds) on the expression or activity 
of NOVX (e.g., the ability to modulate aberrant cell proliferation) can be applied not only in 
basic drug screening, but also in clinical trials. For example, the effectiveness of an agent 
determined by a screening assay as described herein to increase NOVX gene expression, protein 
levels, or upregulate NOVX activity, can be monitored in clinical trails of subjects exhibiting 
decreased NOVX gene expression, protein levels, or downregulated NOVX activity. 
Alternatively, the effectiveness of an agent determined by a screening assay to decrease NOVX 
gene expression, protein levels, or downregulate NOVX activity, can be monitored in clinical 
trails of subjects exhibiting increased NOVX gene expression, protein levels, or upregulated 
NOVX activity. lii such clinical trials, the expression or activity of NOVX and, preferably, other 
genes that have been implicated in, for example, a cellular proliferation or immune disorder can 
be used as a "read out" or markers of the immune responsiveness of a particular cell. 

^ By way of example, and not of limitation, genes, including NOVX, that are modulated in 
cells by treatment with an agent (e.g., compound, drug or small molecule) that modulates NOVX 
activity (e.g., identified in a screening assay as described herein) can be identified. Thus, to 
study the effect of agents on cellular proliferation disorders, for example, in a clinical trial, cells 
can be isolated and RNA prepared and analyzed for the levels of expression of NOVX and other 
genes implicated in the disorder. The levels of gene expression (/.e., a gene expression pattern) 

127 



wo 01/51632 PCTAJSOl/01513 

can be quantified by Northern blot analysis or RT-PCR, as described herein, or ahematively by 
measuring the amount of protein produced, by one of the methods as described herein, or by 
measuring the levels of activity of NOVX or other genes. In this manner, the gene expression 
pattern can serve as a marker, indicative of the physiological response of the cells to the agent. 

5 Accordingly, this response state may be determined before, and at various points during, 
treatment of the individual with the agent. 

In one embodiment, the invention provides a method for monitoring the effectiveness of 
treatment of a subject with an agent {e.g., an agonist, antagonist, protein, peptide, 
peptidomimetic, nucleic acid, small molecule, or other drug candidate identified by the screening 

10 assays described herein) comprising the steps of (/) obtaining a pre-administration sample from a 
subject prior to administration of the agent; (ii) detecting the level of expression of a NOVX 
' protein, mRNA, or genomic DNA in the preadministration sample; (///) obtaining one or more 
post-administration samples from the subject; (iv) detecting the level of expression or activity of 
the NOVX protein, mRNA, or genomic DNA in the post-administration samples; (v) comparing 

15 the level of expression or activity of the NOVX protein, mRNA, or genomic DNA in the 
pre-administration sample with the NOVX protein, mRNA, or genomic DNA in the post 
administration sample or samples; and (yi) altering the adminisuation of the agent to the subject 
accordingly. For example, increased administration of the agent may be desirable to increase the 
expression or activity of NOVX to higher levels than detected, i.e., to increase the effectiveness 

20 of the agent. Alternatively, decreased administration of the agent may be desirable to decrease 
expression or activity of NOVX to lower levels than detected, i.e., to decrease the effectiveness 
of the agent. 
Methods of Treatment 

The invention provides for both prophylactic and therapeutic methods of treating a 

25 subject at risk of (or susceptible to) a disorder or having a disorder associated vwth aberrant 

NOVX expression or activity. Disorders associated with aberrant NOVX expression include, for 
example, disorders of olfactory loss, e.g. trauma, HIV illness, neoplastic growth, and 
neurological disorders, e.g. Parkinson's disease and Alzheimer's disease. 
These methods of treatment will be discussed more fiilly, below. 
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Disease and Disorders 

Diseases and disorders that are characterized by increased (relative to a subject not 
suffering from the disease or disorder) levels or biological activity may be treated with 
5 Therapeutics that antagonize (i.e., reduce or inhibit) activity. Therapeutics that antagonize 

activity may be administered in a therapeutic or prophylactic manner. Therapeutics that may be 
utilized include, but are not limited to: (/) an aforementioned peptide, or analogs, derivatives, 
fragments or homologs thereof; (//) antibodies to an aforementioned peptide; (ui) nucleic acids 
encoding an aforementioned peptide; (/v) administration of antisense nucleic acid and nucleic 
10 acids that are ''dysfunctional** {te,, due to a heterologous insertion within the coding sequences 
of coding sequences to an aforementioned peptide) that are utilized to "knockout" endogenous 
function of an aforementioned peptide by homologous recombination (see, e.g., Capecchi, 1989. 
Science 244: 1288-1292); or (v) modulators ( i.e., inhibitors, agonists and antagonists, including 
additional peptide mimetic of the invention or antibodies specific to a peptide of the invention) 
15 that alter the interaction between an aforementioned peptide and its binding partner. 

Diseases and disorders that are characterized by decreased (relative to a subject not 
suffering from the disease or disorder) levels or biological activity may be treated with 
Therapeutics that increase (i.e., are agonists to) activity. Therapeutics that upregulate activity 
may be admim'stered in a therapeutic or prophylactic manner. Therapeutics that may be utilized 
20 include, but are not limited to, an aforementioned peptide, or analogs, derivatives, fragments or 
homologs thereof; or an agonist that increases bioavailability. 

Increased or decreased levels can be readily detected by quantifying peptide and/or RNA, 
by obtaining a patient tissue sample (e.g., from biopsy tissue) and assaying it in vitro for RNA or 
peptide levels, structure and/or activity of the expressed peptides (or mRNAs of an 
25 aforementioned peptide). Methods that are well-known v^thin the art include, but arc not limited 
to, immunoassays (e.g., by Western blot analysis, immunoprecipitation followed by sodium 
dodecyl sulfate (SDS) polyacrylamidc gel electrophoresis, immunocytochemistry, etc.) and/or 
hybridization assays to detect expression of mRNAs (e.g.. Northern assays, dot blots, in situ 
hybridization, and the like). 
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Prophylactic Methods 

In one aspect, the invention provides a method for preventing, in a subject, a disease or 
condition associated with an aberrant NOVX expression or activity, by administering to the 
subject an agent that modulates NOVX expression or at least one NOVX activity. Subjects at 
risk for a disease that is caused or contributed to by aberrant NOVX expression or activity can be 
identified by, for example, any or a combination of diagnostic or prognostic assays as described 
herein. Administration of a prophylactic agent can occur prior to the manifestation of symptoms 
characteristic of the NOVX aberrancy, such that a disease or disorder is prevented or, 
alternatively, delayed in its progression. Depending upon the type of NOVX aberrancy, for 
example, a NOVX agonist or NOVX antagonist agent can be used for treating the subject. The 
appropriate agent can be determined based on screening assays described herein. The 
prophylactic methods of the invention are further discussed in the following subsections. 

• 

Therapeutic Methods 

Another aspect of the invention pertains to methods of modulating NOVX expression or 
activity for therapeutic purposes. The modulatory method of the invention involves contacting a 
cell with an agent that modulates one or more of the activities of NOVX protein activity 
associated with the cell. An agent that modulates NOVX protein activity can be an agent as 
described herein, such as a nucleic acid or a protein, a naturally-occurring cognate ligand of a 
NOVX protein, a peptide, a NOVX peptidomimetic, or other small molecule. In one 
embodiment, the agent stimulates one or more NOVX protein activity. Examples of such 
stimulatory agents include active NOVX protein and a nucleic acid molecule encoding NOVX 
that has been introduced into the cell. In another embodiment, the agent inhibits one or more 
NOVX protein activity. Examples of such inhibitory agents include antisense NOVX nucleic 
acid molecules and anti-NOVX antibodies. These modulatory methods can be performed in vitro 
(e.g., by culturing the cell with the agent) or, alternatively, in vivo (e.g., by administering the 
agent to a subject). As such, the invention provides methods of treating an individual afflicted 
with a disease of disorder characterized by aberrant expression or activity of a NOVX protein or 
nucleic acid molecule. In one embodiment, the method involves administering an agent {e.g., an 
agent identified by a screening assay described herein), or combination of agents that modulates 
(e.g., up-regulates or down-regulates) NOVX expression or activity. In another embodiment, the 
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method involves administering a NOVX protein or nucleic acid molecule as therapy to 
compensate for reduced or aberrant NOVX expression or activity. 

Stimulation of NOVX activity is desirable in situations in which NOVX is abnormally 
downregulated and/or in which increased NOVX activity is likely to have a beneficial effect. One 
example of such a situation is where a subject has a disorder characterized by aberrant cell 
proliferation and/or differentiation {e.g,, cancer or immxme associated ). Another example of 
such a situation is where the subject has an immunodeficiency disease (e.g., AIDS). 

Antibodies of the invention, including polyclonal, monoclonal, humanized and fully 
human antibodies, may used as therapeutic agents. Such agents will generally be employed to 
treat or prevent a disease or pathology in a subject. An antibody preparation, preferably one 
having high specificity and high affinity for its target antigen, is administered to the subject and 
will generally have an effect due to its binding with the target. Such an effect may be one of two 
kinds, depending on the specific nature of the interaction between the given antibody molecule 
and the target antigen in question. In the first instance, administration of the antibody may 
abrogate or inhibit the bindmg of the target with an endogenous ligand to which it naturally 
binds. In this case, the antibody binds to the target and masks a binding site of the naturally 
occurring ligand, wherein the ligand serves as an effector molecule. Thus the receptor mediates a 
signal transduction pathway for which ligand is responsible. 

Alternatively, the effect may be one in which the antibody elicits a physiological result by 
virtue of binding to an eflFector binding site on the target molecule. In this case the target, a 
receptor having an endogenous ligand which may be absent or defective in the disease or 
pathology, binds the antibody as a surrogate effector ligand, initiating a receptor-based signal 
transduction event by the receptor. 

A therapeutically effective amount of an antibody of the invention relates generally to the 
amount needed to achieve a therapeutic objective. As noted above, this may be a binding 
interaction between the antibody and its target antigen that, in certain cases, interferes with the 
fimctioning of the target, and in other cases, promotes a physiological response. The amount 
required to be administered will fiarthermore depend on the binding affinity of the antibody for 
its specific antigen, and will also depend on the rate at which an administered antibody is 
depleted fi*om the free volume other subject to which it is administered. Common ranges for 
therapeutically effective dosing of an antibody- or antibody fragment of the invention may be, by 
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way of nonlimiting example, from about 0.1 mg/kg body weight to about 50 mg/kg body weight. 
Common dosing frequencies may range, for example, from twice daily to once a week. 

Determination of the Biological Effect ofihe Therapeutic 

5 In various embodiments of the invention, suitable in vitro or in vivo assays are performed 

' to determine the effect of a specific Therapeutic and whether its administration is indicated for 
treatment of the affected tissue. 

In various specific embodiments, in vitro assays may be performed with representative 
cells of the type(s) involved in the patient's disorder, to determine if a given Therapeutic exerts 
1 0 the desired effect upon the cell type(s). Compounds for use in therapy may be tested in suitable 
animal model systems including, but not limited to rats, mice, chicken, cows, monkeys, rabbits, 
- and the like, prior to tesUng iii human subjects. Similarly, for in vivo testing, any of the animal 
model system known in the art may be used prior to administration to human subjects. 

1 5 The invention will be further described in the following examples, which do not limit the 

scope of the invention described in the claims. 

EXAMPLES 

Fxamole 1 .: Method of Identifying the N ucleic Acids Fncoding the G-Protein C6ut)ied 
20 Receptors . 

Novel nucleic acid sequences were identified by TbIastN using CuraGen Corporation's sequence 
file run against the Genomic Daily Files made available by GenBank. The nucleic acids were further 
predicted by the program GenScanTM, including selection of exons. These were further modified by 
means of similarities using BLAST searches. The sequences were then manually corrected for apparent 
25 inconsistencies, thereby obtaining the sequences encoding the full-length protein. 



OTHER EMBODIMENTS 

While the invention has been described in conjunction with the detailed description 
30 thereof, the foregoing description is intended to illustrate and not limit the scope of tiie invention, 
which is defined by the scope of the appended claims. Other aspects, advantages, and 
modifications are within the scope of the following claims. 
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What is claimed is: 

An isolated polypeptide comprising an amino acid sequence selected from the 
group consisting of: 

a) a mature form of the amino acid sequence selected from the group consisting of 
SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 1 8, 20, 22, 24 or 26; 

b) a variant of a mature form of the amino acid sequence selected from the group 
consisting of SEQ ID NO: 2,4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26, wherein 
any amino acid in the mature form is changed to a different amino acid, provided 
that no more than 15% of the amino acid residues in the sequence of the mature 
form are so changed; 

c) the amino acid sequence selected from the group consisting of SEQ ID NO: 2, 4, 
6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26; 

d) a variant of the amino acid sequence selected from the group consisting of SEQ 
ID NO: 2, 4, 6, 8, 10, 12, 14. 16, 18, 20, 22, 24 or 26 wherein any amino acid 
specified in the chosen sequence is changed to a different amino acid, provided 
that no more than 15% of the amino acid residues in the sequence are so changed; 
and 

e) a fragment of any of a) through d). 

The polypeptide of claim I that is a naturally occurring allelic variant of the sequence selected 
from the group consisting of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. 

The polypeptide of claim 2, wherein the variant is the translation of a single nucleotide 
polymorphism. 

The polypeptide of claim 1 that is a variant polypeptide described therein, wherein any amino 
acid specified in the chosen sequence is changed to provide a conservative substitution. 

An isolated nucleic acid molecule comprising a nucleic acid sequence encoding a polypeptide 
comprising an amino acid sequence selected from the group consisting of: 
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a) a mature form of the amino acid sequence given SEQ ID NO: 2, 4, 6, 8, 1 0, 1 2, 
14, 16, 18,20, 22, 24 or 26; 

b) a variant of a mature form of the amino acid sequence selected from the group 
consisting of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 wherein 
any amino acid in the mature form of the chosen sequence is changed to a 
different amino acid, provided that no more than 15% of the amino acid residues 
in the sequence of the mature form are so changed; 

c) the amino acid sequence selected from the group consisting of SEQ ID NO: 2, 4, 
6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26; 

d) a variant of the amino acid sequence selected from the group consisting of SEQ 
ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26, in which any amino acid 

- specified in the chosen sequence is changed to a different amino acid, provided 

that no more than 15% of the amino acid residues in the sequence are so changed; 

e) a nucleic acid fragment encoding at least a portion of a polypeptide comprising 
the amino acid sequence selected from the group consisting of SEQ ID NO: 2, 4, 
6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 oir any variant of said polypeptide wherein 
any amino acid of the chosen sequence is changed to a different amino acid, 
provided that no more than 10% of the amino acid residues in the sequence are so 
changed; and 

f) the complement of any of said nucleic acid molecules. 

6. The nucleic acid molecule of claim 5, wherein the nucleic acid molecule comprises the 
nucleotide sequence of a naturally occurring allelic nucleic acid variant. 

7. The nucleic acid molecule of claim 5 that encodes a variant polypeptide, wherein the variant 
polypeptide has the polypeptide sequence of a naturally occurring polypeptide variant. 

8. The nucleic acid molecule of claim 5, wherein the nucleic acid molecule comprises a single 
nucleotide polymorphism encoding said variant polypeptide. 

9. The nucleic acid molecule of claim 5, wherein said nucleic acid molecule comprises a nucleotide 
sequence selected from the group consisting of 
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a) the nucleotide sequence selected from the group consisting of SEQ ID NO: 1 , 3 
5, 7, 9, 11; 13, 15, 17, 19,21,23 or 25; 

b) a nucleotide sequence wherein one or more nucleotides in the nucleotide sequence 
selected from the group consisting of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19^ 
21, 23 or 25 is changed from that selected from the group consisting of the chosen 
sequence to a different nucleotide provided that no more than 15% of the 
nucleotides are so changed; 

c) a nucleic acid fragment of the sequence selected from the group consisting of 
SEQ ID NO: 1 , 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25; and 

d) a nucleic acid fragment wherein one or more nucleotides in the nucleotide 
sequence selected from the group consisting of SEQ ID NO: I, 3, 5, 7, 9, 1 1, 13, 
15, 17, 19, 21, 23 or 25 is changed from that selected from the group consisting of 
the chosen sequence to a different nucleotide provided that no more than 15% of 
the nucleotides are so changed. 

1 0. The nucleic acid molecule of claim 5, wherein said nucleic acid molecule hybridizes under 
stringent conditions to the nucleotide sequence selected from the group consisting of SEQ ID 
NO: 1 , 3, 5, 7, 9, 1 1 , 1 3, 1 5, 1 7, 1 9, 2 1 , 23 or 25, or a complement of said nucleotide sequence. 

11. The nucleic acid molecule of claim 5, wherein the nucleic acid molecule comprises a nucleotide 
sequence in which any nucleotide specified in the coding sequence of the chosen nucleotide 
sequence is changed from that selected from the group consisting of the chosen sequence to a 
different nucleotide provided that no more than 15% of the nucleotides in the chosen coding 
sequence.are so changed, an isolated second polynucleotide that is a complement of the first 
polynucleotide, or a fragment of any of them. 

12. A vector comprising the nucleic acid molecule of claim 1 1 . 

13. The vector of claim 12, fiirther comprising a promoter operably linked to said nucleic acid 
molecule. 

14. A cell comprising the vector of claim 1 2. 
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1 5. An antibody that binds immunospecifically to the polypeptide of claim 1 . 

1 6. The antibody of claim 1 5, wherein said antibody is a monoclonal antibody. 

1 7. The antibody of claim 1 5, wherein the antibody is a humanized antibody. 

1 8. A method for determining the presence or amount of the polypeptide of claim 1 in a sample, the 
method comprising: 

(a) providing said sample; 

(b) introducing said sample to an antibody that binds inununospecifically to the 
polypeptide; and 

(c) determining the presence or amount of antibody bound to said polypeptide, 
thereby determining the presence or amount of polypeptide in said sample. 

1 9. A method for determining the presence or amount of the nucleic acid molecule of claim 5 in a 
sample, the method comprising: 

(a) providing said sample; 

(b) introducing said sample to a probe that binds to said nucleic acid molecule; and 

(c) determining the presence or amoimt of said probe bound to said nucleic acid 
molecule, 

thereby determining the presence or amount of the nucleic acid molecule in said sample. 

20. A method of identifying an agent that binds to the polypeptide of claim 1 , the method 
comprising: 

(a) introducing said polypjeptide to said agent; and 

(b) determining whether said agent binds to said polypeptide. 

21 . A method for identifying a potential therapeutic agent for use in treatment of a pathology, 
wherein the pathology is related to aberrant expression or aberrant physiological interactions of 
the polypeptide of claim 1 , the method comprising: 
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(a) providing a cell expressing the polypeptide of claim 1 and having a property oi 
function ascribable to the polypeptide; 

(b) contacting the cell with a composition comprising a candidate substance; and 

(c) determining whether the substance alters the property or function ascribable to 
the polypeptide; 

whereby, if an alteration observed in the presence of the substance is not observed when 
the cell is contacted with a composition devoid of the substance, the substance is identified as a 
potential therapeutic agent. 

A method for modulating the activity of the polypeptide of claim 1 , the method comprising 
introducing a cell sample expressing the polypeptide of said claim with a compound that binds to 
said polypeptide in an amount sufficient to modulate the activity of the polypeptide. 

A method of treating or preventing a pathology associated with the polypeptide of claim 1, said 
method comprising administering the polypeptide of claim 1 to a subject in which such treatment 
or prevention is desired in an amount sufficient to treat or prevent said pathology in said subject. 

The method of claim 23, wherein said subject is a human. 

A method of treating or preventing a pathology associated with the polypeptide of claim 1, said 
method comprising administering to a subject in which such treatment or prevention is desired a 
NOVX nucleic acid in an amount sufficient to treat or prevent said pathology in said subject. 

The method of claim 25, wherein said subject is a human. 

A method of treating or preventing a pathology associated with the polypeptide of claim 1, said 
metiiod comprising administering to a subject in which such treatment or prevention is desired a 
NOVX antibody in an amoimt sufficient to treat or prevent said pathology in said subject. 

The method of claim 27, wherein the subject is a human. 
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29. A phamnaceutical composition comprising the polypeptide of claim 1 and a phamiaceutically 
acceptable carrier. 

30. A pharmaceutical composition comprising the nucleic acid molecule of claim 5 and a 
phamiaceutically acceptable carrier. 

31. A phamiaceutical composition comprising the antibody of claim 1 5 and a pharmaceutically 
acceptable carrier. 

32. A kit comprising in one or more containers, the pharmaceutical composition of claim 29. 

33. ' A kit comprising in one or more containers, the pharmaceutical composition of claim 30. 

34. A kit comprising in one or more containers, the pharmaceutical composition of claim 31 . 

35. The use of a therapeutic in the manufacture of a medicarhent for treating a syndrome associated 
with a human disease, the disease selected from a pathology associated with the polypeptide of 
claim 1, wherein said therapeutic is the polypeptide of claim I. 

36. The use of a therapeutic in the manufacture of a medicament for treating a syndrome associated 
with a human disease, the disease selected from a pathology associated with the polypeptide of 
claim 1, wherein said therapeutic is a NOVX nucleic acid. 

37. The use of a therapeutic in the manufactiu-e of a medicament for treating a syndrome associated 
with a human disease, the disease selected from a pathology associated with the polypeptide of 
claim 1, wherein said therapeutic is a NOVX antibody. 

38. A method for screening for a modulator of activity or of latency or predisposition to a pathology 
associated with the polypeptide of claim 1, said method comprising: 

a) administering a test compound to a test animal at increased risk for a pathology 
associated with the polypeptide of claim 1 , wherein said test animal 
recombinantly expresses the polypeptide of claim 1 ; 
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b) measuring the activity of said polypeptide in said test animal after administering 
the compound of step (a); and 

c) comparing the activity of said protein in said test animal with the activity of said 
polypeptide in a control animal not administered said polypeptide, wherein a 
change in the activity of said polypeptide in said test animal relative to said 
control animal indicates the test compound is a modulator of latency of, or 
predisposition to, a pathology associated with the polypeptide of claim 1 . 

The method of claim 38, wherein said test animal is a recombinant test animal that expresses a 
test protein transgene or expresses said transgene under the control of a promoter at an increased 
level relative to a wild-type test animal, and wherein said promoter is not the native gene 
promoter of said transgene. 

A method for determining the presence of or predisposition to a disease associated with altered 
levels of the polypeptide of claim 1 in a first mammalian subject, the method comprising: 

a) measuring the level of expression of the polypeptide in a sample from the first 
mammalian subject; and 

b) comparing the amount of said polypeptide in the sample of step (a) to the amount 
of the polypeptide present in a control sample from a second mammalian subject 
known not to have, or not to be predisposed to, said disease, 

wherein an alteration in the expression level of the polypeptide in the first subject as 
compared to the control sample indicates the presence of or predisposition to said disease. 

A method for determining the presence of or predisposition to a disease associated with altered 
levels of the nucleic acid molecule of claim 5 in a first mammalian subject, the method 
comprising: 

a) measuring the amount of the nucleic acid in a sample from the first mammalian 
subject; and 

b) comparing the amount of said nucleic acid in the sample of step (a) to the amount 
of the nucleic acid present in a control sample from a second mammalian subject 
known not to have or not be predisposed to, the disease; 



139 



wo 01/51632 



PCTAJSOl/01513 



wherein an alteration in the level of the nucleic acid in the first subject as compared to the 
control sample indicates the presence of or predisposition to the disease. 

A method of treating a pathological state in a mammal, the method comprising administering to 
the mammal a polypeptide in an amount that is sufficient to alleviate the pathological state, 
wherein the polypeptide is a polypeptide having an amino acid sequence at least 95% identical to 
a polypeptide comprising the amino acid sequence selected from the group consisting of SEQ ID 
NO: 2, 4, 6, 8, 10, 12, 14, 16, 1 8, 20, 22, 24 or 26 or a biologically active fragment thereof. 

A method of treating a pathological state in a mammal, the method comprising administering to 
the mammal the antibody of claim 15 in an amount sufficient to alleviate the pathological state. 
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ODORANT RECEPTOR POLYPEPTIDES AND NUCLEIC ACIDS 
5 ENCODING SAME 

RELATED APPLICATIONS 
This application claims priority to USSN 60/177,839, filed January 25, 2000; USSN 
60/176,134, filed January 14, 2000; USSN 60/175,989, filed January 13, 2000; USSN 
10 60/218,324, filed July 14, 2000; USSN 60/220,253, filed July 24, 2000; USSN 60/178,191, filed 
January 26, 2000; USSN 60/178,227, filed January 26, 2000; and USSN 60/220,590, filed July 
25, 2000, which are incorporated herein by reference in their entirety. 

TECHNICAL FIELD OF THE INVENTION 
1 5 The invention generally relates to nucleic acids and polypeptides encoded therefi-om. 

BACKGROUND OF THE INVENTION 
Within the animal kingdom, odor detection is a universal tool used for social interaction, 
predation, and reproduction. Chemosensitivity in vertebrates is modulated by bipolar sensory 

20 neurons located in the olfactory epithelium, which extend a single, highly arborized dendrite into 
the mucosa while projecting axons to relay neurons within the olfactory bulb. The many ciliae on 
the neurons bear odorant (or olfactory) receptors (ORs), which cause depolarization and 
formation of action potentials upon contact with specific odorants. ORs may also function as 
axonal guidance molecules, a necessary fiinction as the sensory neurons are normally renewed 

25 continuously through adulthood by underlying populations of basal cells. 

The mammalian olfactory system is able to distinguish several thousand odorant 
molecules. Odorant receptors are believed to be encoded by an extremely large subfamily of G 
protfein-coupled receptors. These receptors share a 7-transmembrane domain structure v^th many 
neurotransmitter and hormone receptors and are likely to xmderlie the recognition and G-protein- 

30 mediated transduction of odorant signals and possibly other chemosensing responses as well. 

The genes encoding these receptors are devoid of introns within their coding regions. Schurmans 
and co-workers cloned a member of this family of genes, OLFRl, from a genomic library by 
cross-hybridization with a gene fragment obtamed by PGR. See Schurmans et al, Cytogenet, 

1 
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Cell Genet.. 1993, 63(3):200. By isotopic in situ hybridization, they mapped the gene to 1 7pl 3- 
pl2 with a peak at band 17pl3. A minor peak was detected on chromosome 3, with a maximum 
in the region 3ql3-q21 . After Mspl digestion, a restriction fragment length polymorphism 
(RFLP) was demonstrated. Using this in a study of 3 CEPH pedigrees, they demonstrated linkage 
5 with D17S126 at 1 7pter-pl2; maximum lod = 3.6 at theta = 0.0. Used as a probe on Southern 
blots under moderately stringent conditions, the cDNA hybridized to at least 3 closely related 
genes. Ben-Arie and colleagues cloned 16 human OLFR genes, all from 17pl3.3. See Ben-Arie 
et aL, Hum. Mol. Genet., 1994, 3(2):229. The intronless coding regions are mapped to a 350-kb 
contiguous cluster, with an average intergenic separation of 1 5 kb. The OLFR genes in the 
1 0 cluster belong to 4 different gene subfamilies, displaying as much sequence variability as any 

randomly selected group of OLFRs. This suggested tiiat the cluster may be one of several copies 
of an ancestral OLFR gene repertoire whose existence may have predated the divergence of 

I 

mammals. Localization to 17pl3.3 was performed by fluorescence in situ hybridization as well 
as by somatic cell hybrid mapping. 
^ ^ Previously, OR genes cloned in different species were from disparate locations in the 

respective genomes. The human OR genes, on the other hand, lack introns and may be 
segregated into four different gene subfamilies, displaying great sequence variability. These 
genes are primarily expressed in olfactory epithelium, but may be found in other 
chemoresponsive cells and tissues as well. 

20 Blache and co-workers used polymerase chain reaction (PGR) to clone an intronless 

cDNA encoding a new member (named OL2) of the G protein-coupled receptor superfamily.See 
Blache et aL Biochem. Biobhvs. Re s. Commun.. 1998, 242(3):669. The coding region of the rat 
OL2 receptor gene predicts a seven transmembrane domain receptor of 315 amino acids. 0L2 
has 46.4 percent amino acid identity witii OLl, an olfactory receptor expressed in the developing 

25 rat heart, and slightiy lower percent identities with several other olfactory receptors. PGR 

analysis reveals tiiat the transcript is present mainly in the rat spleen and in a mouse insulin- 
secreting cell line (MIN6). No correlation was found between the tissue distribution of OL2 and 
that of the olfaction-related GTP-binding protein Golf alpha subunit. These findings suggest a 
role for this new hypothetical G-protein coupled receptor and for its still unknown ligand in the 

30 spleen and in the insulin-secreting beta cells. 

Olfactory loss may be induced by trauma or by neoplastic growths in the olfactory 
neuroepithelium. There is currentiy no ti-eatment available that effectively restores olfaction in 
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the case of sensorineural olfactory losses. See Harrison's Principles of Internal Medicine, 14* 
Ed., Fauci, AS et al. (eds.), McGraw-Hill, New York, 1998, 173. There thus remains a need for 
effective treatment to restore olfaction in pathologies related to neural olfactory loss. 

5 SUMMARY OF THE INVENTION 

The invention is based, in part, upon the discovery of novel polynucleotide sequences 

encoding novel polypeptides. 

Accordingly, in one aspect, the invention provides an isolated nucleic acid molecule that 
includes the sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1. 13, 15, 17. 19, 21, 23 or 25 or a fragment, 
10 homolog, analog or derivative thereof. The nucleic acid can include, e.g., a nucleic acid 

sequence encoding a polypeptide at least 85% identical to a polypeptide that includes the amino 
acid sequences of SEQ ID NO: 2. 4, 6, 8, 10. 12. 14, 16, 18, 20, 22. 24 or 26. The nucleic acid 
can be, e.g., a genomic DNA fragment, or a cDNA molecule. 

Also included in the invention is a vector containing one or more of the nucleic acids 
1 5 described herein, and a cell containing the vectors or nucleic acids described herein. 

The invention is also directed to host cells transformed with a vector comprising any of 
the nucleic acid molecules described above. 

In another aspect, the invention includes a pharmaceutical composition that includes a 
NOVX nucleic acid and a pharmaceutically acceptable carrier or diluent 
20 In a further aspect, the invention includes a substantially purified NOVX polypeptide, 

e.g., any of the NOVX polypeptides encoded by an NOVX nucleic acid, and fragments, 
homologs, analogs, and derivatives thereof The invention also includes a pharmaceutical 
composition that includes an NOVX polypeptide and a pharmaceutically acceptable carrier or 
diluent. 

25 In still a further aspect, the invention provides an antibody that binds specifically to an 

NOVX polypeptide. The antibody can be, e.g.. a monoclonal or polyclonal antibody, and 
fiaginents, homologs, analogs, and derivatives thereof. The invention also includes a 
pharmaceutical composition including NOVX antibody and a pharmaceuticaUy acceptable carrier 
or diluent. The invention is also directed to isolated antibodies that bind to an epitope on a 

30 polypeptide encoded by any of the nucleic acid molecules described above. 

The invention also includes kits comprising any of the pharmaceutical compositions 
described above. 
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The invention further provides a method for producing an NOVX polypeptide by 
providing a cell containing an NOVX nucleic acid, e.g.. a vector that includes an NOVX nucleic 
acid, and culturing the cell under conditions sufficient to express the NOVX polypeptide encoded 
by the nucleic acid. The expressed NOVX polypeptide is then recovered from the cell. 
Preferably, the cell produces little or no endogenous NOVX polypeptide. The ceU can be, e.g., a 
prokaryotic cell or eukaryotic cell. 

The invention is also directed to methods of identifying an NOVX polypeptide or nucleic 
acid in a sample by contacting the sample with a compound that specifically binds to the 
polypeptide or nucleic acid, and detecting complex formation, if present. 

The invention further provides methods of identifying a compound that modulates the 
activity of an NOVX polypeptide by contacting an NOVX polypeptide with a compound and 
determining whether the NOVX polypeptide activity is modified. 

The invention is also directed to compounds that modulate NOVX polypeptide activity 
identified by contacting an NOVX polypeptide with the compound and determining whether the 
compound modifies activity of the NOVX polypeptide, binds to'the NOVX polypeptide, or bmds 
to a nucleic acid molecule encoding an NOVX polypeptide. 

In another aspect, the invention provides a method of determining the presence of or 
predisposition of an NOVX-associated disorder in a subject The method includes providing a 
sample from the subject and measuring the amount of NOVX polypeptide in the subject sample. 
20 The amount of NOVX polypeptide in the subject sample is then compared to the amount of 
NOVX polypeptide in a control sample. An alteration in the amount of NOVX polypeptide in 
the subject protein sample relative to the amount of NOVX polypeptide in the control protein 
sample indicates the subject has a tissue proliferation-associated condition. A control sample is 
preferably taken from a matched individual, i.e., an individual of similar age, sex, or other 
general condition but who is not suspected of having a tissue proliferation-associated condition. 
Alternatively, the control sample may be taken from the subject at a time when the subject is not 
suspected of having a tissue proliferation-associated disorder. In some embodiments, the NOVX 
is detected using an NOVX antibody. 

In a further aspect, the invention provides a method of deteiminmg the presence of or 
predisposition of an NOVX-associated disorder in a subject. The method includes providing a 
nucleic acid sample, e.g., RNA or DNA, or both, from the subject and measuring the amount of 
the NOVX nucleic acid in the subject nucleic acid sample. The amount of NOVX nucleic acid 
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sample in the subject nucleic acid is then compared to the amount of an NOVX nucleic acid in a 
control sample. An alteration in the amount of NOVX nucleic acid in the sample relative to the 
amount of NOVX in the control sample indicates the subject has a NOVX-associated disorder. 
In a still further aspect, the invention provides a method of treating or preventing or 
5 delaying an NOVX-associated disorder. The method includes administering to a subject in 
which such treatment or prevention or delay is desired an NOVX nucleic acid, an NOVX 
polypeptide, or an NOVX antibody in an amount sufficient to treat, prevent, or delay a NOVX- 
- associated disorder in the subject. 

Unless otherwise defined, all technical and scientific terms used herein have the same 
10 meaning as commonly understood by one of ordinary skill in the art to which this invention 

belongs. Although methods and materials similar or equivalent to those described herein can be 
used in the practice or testing of the present invention, suitable methods and materials are 
described below. All publications, patent applications, patents, and other references mentioned 
herein are incorporated by reference in their entirety. In the case of conflict, the present 
15 specification, including definitions, will control In addition, the materials, methods, and 
examples are illustrative only and not intended to be limiting. 

Other features and advantages of the invention will be apparent fi^om the following 
detailed description and claims. 

20 DETAILED DESCRIPTION OF THE INVENTION 

Olfactory receptors (ORs) are the largest family of G-protein-coupled receptors (GPCRs) 
and belong to the first family (Class A) of GPCRs, along with catecholamine receptors and 
opsins. The OR family contains over 1,000 members that traverse the phylogenetic spectrum 
firom C elegans to mammals. ORs most likely emerged fi-om prototypic GPCRs several times 

25 independently, extending the structural diversity necessary both within and between species in 
order to differentiate the multitude of ligands. Individual olfactory sensory neurons are predicted 
to express a single, or at most a few, ORs. All ORs are believed to contain seven a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. The pocket of OR ligand bindmg is expected to be 

30 between the second and sixth transmembrane domains of the proteins. Overall amino acid 

sequence identity within the manmialian OR family ranges firom 45% to >80%, and genes greater 

5 
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than 80% identical to one another at the amino acid level are considered to belong to the same 
subfamily. 

Since the first ORs were cloned in 1991, outstanding progress has been made into their 
mechanisms of action and potential dysregulation during disease and disorder. It is understood 
5 that some human diseases result firom rare mutations within GPCRs. Drug discovery avenues 
could be used to produce highly specific compoimds on the basis of minute structural differences 
of OR subtypes, which are now being appreciated with in vivo manipulation of OR levels in 
transgenic and knock-out animals. Furthermore, due to the intracellular homogeneity and ligand 
specificity of ORs, renewal of specific pdorant-sensing neurons lost in disease or disorder is 
1 0 possible by the introduction of individual ORs into basal cells. Additionally, new therapeutic 
strategies may be elucidated by further study of so-called orphan receptors, whose ligand(s) 
remain to be discovered. 

I 

OR proteins bind odorant ligands and transmit a G-protein-mediated intracellular signal, 
resulting in generation of an action potential. The accumulation of DNA sequences of hundreds 
15 of OR genes provides an opportunity to predict features related to their structure, function and 
evolutionary diversification. See Pilpel Y, et.al.. Essays Biochem 1998;33:93-104. The OR 
repertoire has evolved a variable ligand-binding site that ascertains recognition of multiple 
odorants, coupled to constant regions that mediate the cAMP-mediated signal transduction. The 
cellular second messenger underlies the responses to diverse odorants through the direct gating 

20 of olfactory-specific cation channels. This situation necessitates a mechanism of cellular 
exclusion, whereby each sensory neuron expresses only one receptor type, which in turn 
influences axonal projections. A 'synaptic image' of the OR repertoire thus encodes the detected 
odorant in the central nervous system. 

The ability to distinguish different odors depends on a large number of different odorant 

25 receptors (ORs). ORs are expressed by nasal olfactory sensory neurons, and each neuron 

expresses only 1 allele of a single OR gene. In the nose, different sets of ORs are expressed in 
distinct spatial zones. Neurons that express the same OR gene are located in the same zone; 
however, in that zone they are randomly interspersed with neurons expressing other ORs. When 
the cell chooses an OR gene for expression, it may be restricted to a specific zonal gene set, but it 

30 may select from that set by a stochastic mechanism. Proposed models of OR gene choice fall into 
2 classes: locus-dependent and locus-independent. Locus-dependent models posit that OR genes 
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are clustered in the genome, perhaps with members of difiFerent zonal gene sets clustered at 
distinct loci. In contrast, locus-independent models do not require that OR genes be clustered. 

OR genes have been mapped to 1 1 different regions on 7 chromosomes. These loci lie 
within paralogous chromosomal regions that appear to have arisen by duplications of large 
5 chromosomal domains followed by extensive gene duplication and divergence. Studies have 

shown that OR genes expressed in the same zone map to numerous loci; moreover, a single locus 
can contain genes expressed in different zones. These findings raised the possibility that OR gene 
- choice is locus-independent or involved consecutive stochastic choices. 

Issel-Tarver and Rine (1996) characterized 4 members of the canine olfactory receptor 
1 0 gene family. The 4 subfamilies comprised genes expressed exclusively in olfactory epithelium. 
Analysis of large DNA fragments using Southern blots of pulsed field gels indicated that 
. subfamily members were clustered together, and that two of the subfamilies were closely, linked 
in the dog genome. Analysis of the four olfactory receptor gene subfamilies in 26 breeds of dog 
provided evidence that the number of genes per subfamily was stable in spite of differential 
1 5 selection on the basis of olfactory acuity in scent hounds, sight hounds, and toy breeds. 

Issel-Tarver and Rine (1997) performed a comparative study of four subfamilies of 
olfactory receptor genes first identified in the dog to assess changes in the gene family during 
mammalian evolution, and to begin linking the dog genetic map to that of humans. These four 
families were designated by them OLFl, OLF2, 0LF3, and bLF4 in the canme genome. The 
20 subfamilies represented by these four genes range in size from 2 to 20 genes. ITiey are all 

expressed in canine olfactory q?ithelium but were not detectably expressed in canine lung, liver, 
ovary, spleen, testis, or tongue. The OLFl and OLF2 subfamUies are tightly linked in the dog 
genome and also in the human genome. The smaUest family is represented by the canine OLFl 
gene. Using dog gene probes individually to hybridize to Southern blots of genomic DNA firom 
25 24 somatic cell hybrid lines. They showed that the human homologous OLFl subfamily maps to 
human chromosome 1 1 . The human gene with the strongest similarity to the canine 0LF2 gene 
also mapped to chromosome 11. Both members of the human subfamily that hybridized to canine 
OLF3 were located on chromosome 7. It was difficult to determine to which chromosome or 
chromosomes the human genes that hybridized to the canine 0LF4 probe mapped. This 
30 subfamily is large in mouse and hamster as well as human, so the rodent background largely 

obscured the human cross-hybridizing bands. It was possible, however, to discern some human- 
specific bands in blots corresponding to human chromosome 19. They refined the mapping of the 
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human OLFl homolog by hybridization to YACs that map to 1 Iql 1 . In dogs, the OLFl and 
OLF2 subfamilies are within 45 kb of one another (Issel-Tarver and Rine (1 996)). 

Issel-Tarver and Rine (1997) demonstrated that in the human OLFl and OLF2 homologs 
are likewise closely linked. By studying YACs, Issel-Tarver and Rine (1997) found that the 
human OLF3 homolog maps to 7q35. A chrbmosome 19-specific cosmid libraiy was screened by 
hybridization with the canine OLF4 gene probe, and clones that hybridized strongly to the probe 
even at high stringency were localized to 19pl3.1 and 19pl3.2. These clones accounted, 
however, for a small fraction of the homologous human bands. 

Rouquier et al. (1998) demonstrated that members of the olfactory receptor gene family 
are distributed on all but a few human chromosomes. Through fluorescence in situ hybridization 
analysis, they showed that OR sequences reside at more than 25 locations in the human genome. 
Their distribution was biased for terminal bands of chromosome arms. Flow-sorted 
chromosomes were used to isolate 87 OR sequences derived from 16 chromosomes. Their 
sequence relationships indicated the inter- and intrachromosomal duplications responsible for OR 
15 family expansion. Rouquier et al. (1998) determined that the human genome has accumulated a 
strikmg number of dysfunctional copies: 72% of these sequences were found to be pseudogenes. 
ORF-containing sequences predominate on chromosomes 7, 16, and 17. 

Trask et al. (1998) characterized a subtelomeric DNA duplication that provided insight 
into the variability, complexity, and evolutionary history of that unusual region of the human 
genome, the telomere. Using a DNA segment cloned from chromosome 19, they demonstrated 
that the blocks of DNA sequence shared by different chromosomes can be very large and highly 
similar. Tliree chromosomes appeared to have contained the sequence before humans migrated 
around the worid. In contrast to its multicopy distribution in humans, this subtelomeric block 
maps predominantly to a single locus in chimpanzee and gorilla, that site being nonorthologous 
to any of the locations in the human genome. Three new membere of the olfectory receptor (OR) 
gene family were found to be dupUcated within this large segment of DNA, which was found to 
be present at 3q, 15q, and 19p in each of 45 unrelated humans sampled from various populations. 
From its sequence, one of the OR genes in this duplicated block appeared to be potentiaUy 
functional. The findings raised the possibility that functional diversity in the OR family is 
generated in part through duplications and interchromosomal rearrangements of the DNA near 
human telomeres. 
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Mombaerts (1 999) reviewed the molecular biology of the odorant receptor (OR) genes in 
vertebrates. Buck and Axel (1991) discovered this large family of genes encoding putative 
odorant receptor genes. Zhao et al. (1998) provided functional proof that one OR gene encodes a 
receptor for odorants. The isolation of OR genes from the rat by Buck and Axel (1991) was 
5 based on three assumptions. First, ORs are likely G protein-coupled receptors, which 

characteristically are 7-transmembrane proteins. Second, ORs are likely members of a multigene 
family of considerable size, because an immense number of chemicals with vastly different 
structures can be detected and discriminated by the vertebrate olfactory system. Third, ORs are 
likely expressed selectively in olfactory sensory neurons. Ben-Arie et al. (1994) focused attention 
10 on a cluster of human OR genes on 17p, to which the first human OR gene, OR1D2, had been 
- mapped by Schurmans et al. (1993). According to Mombaerts (1999), the sequences of more 
than 1 50 hxrnian OR clones had been reported. 

The human OR genes differ markedly from their counterparts in other species by their 
high frequency of pseudogenes, except the testicular OR genes. Research showed that individual 
1 5 olfactory sensory neurons express a small subset of the OR repertoire. In rat and mouse, axons of 
neurons expressing the same OR converge onto defined glomeruli in the olfactory bulb. 

The present invention provides novel nucleotides and polypeptides encoded thereby. 
Included in the invention are the novel nucleic acid sequences and their polypeptides. The 
sequences are collectively referred to as "NOVX nucleic acids" or "NOVX polynucleotides" and 
20 the corresponding encoded polypeptides are referred to as "NOVX polypeptides" or "NOVX 

proteins." Unless indicated otherwise, "NOVX" is meant to refer to any of the novel sequences 
disclosed herein. Table 1 provides a summary of the NOVX nucleic acids and then: encoded 
polypeptides. Example 1 provides a description of how the novel nucleic acids were identified. 



9 



BNSDOCID: <WO_0151632A3.IA> 



wo 01/051632 

TABLE 1. Sequences and Corresponding SEP ID Numbers 



PCT/USOl/01513 



NOVX 
Assignment 


Internal 
Jdenfiflcation 


SEQID 

NO 
(nucleic 

acid) 


SEQ ID NO 
(polypeptide) 


Homology 


1 


AL121944 A 


1 


2 


OR GPCR 


2 


AL135904A 


3 


4 


OR GPCR 


3 


AL121986A 


5 


6 


OR GPCR 


4 


AL121986A1 


7 


8 


OR GPCR 


5 


AC012661 A 


9 


10 


OR GPCR 


6 


AC012661 B 


11 


12 


OR GPCR 


7 


AF061779 A 


13 


14 


OR GPCR 


8 


AC012616A 


15 


16 


OR GPCR 


9 


AC012616A1 


17 


18 


OR GPCR 


10 


AC019108A 


19 


20 


OR GPCR 


11 


AC012661 dal 


21 


22 


OR GPCR 


12 


CG50381-01 


23 


24 


OR GPCR 


13 


AC012661A .0. 
46__EXT 


25 


26 


OR GPCR 



NOVX nucleic acids and their encoded polypeptides are useful in a variety of 
applications and contexts. The various NOVX nucleic acids and polypeptides according to the 
5 invention are useful as novel members of the protein families according to the presence of 
domains and sequence relatedness to previously described proteins. Additionally, NOVX 
nucleic acids and polypeptides can also be used to identify proteins that are members of the 
family to which the NOVX polypeptides belong. 

For example, NOVl-10 are homologous to members of the odorant receptor (OR) family 
10 of the human G-protein coupled receptor (GPCR) superfamily of proteins, as shown in Table 56. 
Thus, the NOVl-10 nucleic acids and polypeptides, antibodies and related compounds according 
to the invention will be useful in therapeutic and diagnostic applications in disorders of olfactory 
loss, e g., trauma, HTV illness, neoplastic growth and neurological disorders e.g. Parkinson's 
disease and Alzheimer's disease. 
1 5 The NOVX nucleic acids and polypeptides can also be used to screen for molecules, 

' which inhibit or enhance NOVX activity or function. Specifically, the nucleic acids and 
polypeptides according to the invention may be used as targets for the identification of small 
molecules that modulate or inhibit, e.g., neurogenesis, cell differentiation, cell motility, cell 
proliferation and angiogenesis. 
20 Additional utilities for the NOVX nucleic acids and polypeptides according to the 

invention are disclosed hereiu. 
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NOV! 

A NOVl sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOVl nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 2. The disclosed nucleic acid (SEQ ID NO. l) is 1,071 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 42-44 and ends with a TAA stop codon at nucleotides 1,053-1,055. The 
representative ORF encodes a 337 amino acid polypeptide (SEQ ID N0:2). Putative untranslated 
regions upstream and downstream of the coding sequence are underlined in SEQ ID NO: 1. 

TABLE 2. 

ATATTTCATTCTCTGGGTrTTCATGCAnATATATTCAAGCAA TGGAAGGGAAAAATC 
AAACCAATATCTCTGAATTTCTCCTCCTGGGCTTCTCAAGTTGGCAACAACAGCAGG 
TGCTACTCTITGCACTTTTCCTGTGTCTCTATTTAACAGGGCTGTTTGGAAACTTACT 
CATCTrGCTGGCCATTGGCTCGGATCACTGCCTrCACACACCCATGTATTTCTTCCTT 
GCCAATCTGTCCTTGGTAGACCTCTGCCTTCCCTCAGCCACAGTCCCCAAGATGCTA 
CTGAACATCCAAACCCAAACCCAAACCATCTCCTATCCCGGCTGCCTGGCTCAGATG 
TATrrCTGTATGATGTTTGCCAATATGGACAATTTTCTTCTCACAGTGATGGCATATG 
ACCGTTACGTGGCCATCTGTCACCCTTTACATTACTCCACCATTATGGCCCTGCGCCT 
CTGTGCCTCTCTGGTAGCTGCACCTTGGGTCATTGCCATTTTGAACCCTCTCTTGCAC 
ACTCTTATGATGGCCCATCTGCACTTCTGCTCTGATAATGTTATCCACCATTTCTTCT 
GTGATATCAACTCTCTCCTCCCTCTGTCCTGTTCCGACACCAGTCTTAATCAGTTGAG 
TGTTCTGGCTACGGTGGGGCTGATCTTTGTGGTACCTrCAGTGTGTATCCTGGTATCC 
TATATCCTCATTGTTTCTGCTGTGATGAAAGTCCCTTCTGCCCAAGGAAAACTCAAG 
GCTTTCTCTACCTGTGGATCTCACCTTGCCTTGGTCATTCTTTTCTATGGAGCAATCA 
' CAGGGGTCTATATGAGCCCCTTATCCAATCACTCTACTGAAAAAGACTCAGCCGCAT 
CAGTCATmTATGGTTGTAGCACCTGTGTTGAATCCATTCATTTACAGTrrAAGAAA 
CAATGAACTGAAGGGGACTrTAAAAAAGACCCTAAGCCGACCGGGCGCGGTGGCTC 
ACGCCTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGTGGATCATGAGGTCAGGA 

r^^^rrl a a ^ TmnnrrA AP. A AGfiTGAAACCCCGT (SEQ ID NO.: 1) 
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MEGKNQTNISEFLLLGFSSWQQQQVLLFALFLCLYLTGLFGNLLILLAIGSDHCLHTPMY 

FFLANLSLVDLCLPSATVPIO^LLNIQTQTQTISYPGCLAQMYFCMMFAmiDNFLLT^^ 

AYDRWAICHPLHYSTIMALM.CASLVAAPWVIAILNPLLHTLMMAHLHFCSDNVIHro 

FCDINSLLPLSCSDTSLNQLSVLAWGLIFVWSVCILVSmiVSAVMKVPSAQGKLKAFS 

TCGSHLALVJLFYGAITGVYMSPLS^mSTEKDSAASVIFMWAPVLNPFIYSLR2^^NELKG 
TLKKTLSRPGAVAHACNPSTLGGRGGWIMRSGDRDHPG (SEQ ID NO.: 2) 



The NOVl nucleic acid sequence has homology with several fragments of the human 
olfactory receptor 1 7-93 (OLFR) (GenBank Accession No.: HSU76377), as shown in Table 3. 
Also, Uie NOVl polypeptide has homology (approximately 61% identity, 74% similarity) to 
human olfactory receptor, family 1 , subfamily F, member 8 (OLFR) (GenBank Accession No.: 
XP007973), as is shown in Table 4. Furthermore, the NOVl polypeptide has homology 
(approximately 61% identity, 75% similarity) to a human olfactory, protein (OLFR)(EMBL 
Accession No.: 043749), as is shown in Table 5. 

Overall amino acid sequence identity within the mammalian OR family ranges from 45% 
to >80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer andBerghard, Trends in 
Pharmacol ogical Sciencfts IQOO^ 20:413, 

OR proteins have seven transmembrane a-helices separated by three extracellular and 
three cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy- 
terminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. 

Thus, NOVl is predicted to have a seven transmembrane region and is similar in that 
region to a representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288). as 
25 is shown m Table 6. 



TABLE 3 



nr™ >. " """"1111111111 I llllllllllllllllll III III III I 

OLFR: 41200 C3GATGCGGTGGCTC7.CGCCTCTAATCCCAGCACTii4i<^i<^ 41259 

NOVl: 1094 GAGGTCAG6AGATCGAGACCATCCTG6CTAAC 1125 (SEQ ID NO 33) 

"""" I lllllllll Mill III • ^ 

OLFR: 41260 GAGGTCA6TTGTTCGAGACCAACCTGGTCAAC 41291 (SEQ ID NO. 37) 
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NOVl- 1032 CCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACrrrrGGGAGGCCGAC^^ 1091 

I MM Mllllllill i MMIIIIIIIIIIIIIMIilllMilHIM IHH 

OLFR: 1 CTGGGCTCGGTGGCTCACACGTGTAATCCCAGCACTTTGGGAGGCCGAGGCGGGCGGATC 60 

5 NOVl- 1092 A--TGAGGTCAGGAGATCGAGACCATCCTGGCTAAC 1125 (SEQ ID NO. 41) 

I Miiiiiiiiii iiMitiii mil ill 

OLFR: 61 ACATGAGGTCAGGAGTTCGAGACCAGCCTGGTCAAC 96 (SEQ ID NO. 47) 

NOVl- 1125 GTTAGCCAGGATGGTCTCGATCTCCTGACCTCATGATCCACCCGCCTCGGCCTCCCAAAG 1066 

10 MIIIIIIIIIIIIMII lilllllllllll Mini II MM llltllllllll 

OLFR: 4688 GTTAGCCAGGATGGTCTCAATCTCCTGACCTCGTGATCCGCCTGCCTTGGCCTCCCAAAG 4747 
NOVl- 1065 TGCTGGGATTACAGGCGTGAGCCACCGCGCCCGG 1032 (SEQ ID NO. 48) 

MmiiiiiiiiiiiiiiiiiM miMii ^ _ 

15 OliFR: 4748 TGCTGGGATTACAGGCATGAGCCACTGC6CCCGG 4781 (SEQ ID NO. 52) 



TABLE 4 

NOVl: 1 MSGTNQSSVSEFLLLGLSRQPQQQHLLFVFFLSMYIATVLGNLLIILSVSIDSCL^ 60 
20 * * ★*+++******* * *** *** ** +** + *****+*++ * ******* 

OliFR: 1 MEGKNQTNISEFLIiLGFSSWQQQQVLIiFALFLCLYLTGLFGNLLIIJJVIGSDHC^ 60 

NOVl: 61 FFLSNLSFVDICFSFTTVPK^IIJVOTIILETQTISFCGCLTQMY 120 
***+*** **+* ****** * +****★+ *** **** ** +****** **♦* 

25 OLFR: 61 FFIJ^SLVDLCLPSATVPKMLLNIQTQTQTISYPGCLAQiynfFCMMFAN^ 120 

NOVl: 121 DHFVAVCHPIiHYTAKMTHQLCALLVAGLWVVANIiNVIJ^^^ 180 
* 4.**+******+ * +*** *** **+* ** *****+** * '** + ** * ***** 

OLFR: 121 DRYVAICHPLHYSTir^RLCASLVAAPWVIAILNPLLHTLMMAHLHFCSDNVira 

30 

NOVl: 181 VTPLLKLSCSDTHLNEVIILSEGALVMITPFLGILASYMHITCTV^ 240 

+ ** ****** **++ +*+ *+ + * +*** **+ * ' *+**** +*+ ***** 
OLFR: 181 INSLLPLSCSDTSLNQLSVLATVGLIFVVPSVCILVSYILIVSAViyiKVPSAQGKLKAFST 24 0 

35 NOVl: 241 CGSHLAVVLLFYSTIIAVYFNPLSSHSAEKDTMATVLYTVVTPMLNPF^^^ 300 
******+*+*** * ** +***+** ***+ *+*++ ** *+********** *** 
OLFR: 241 CGSHLALVILFYGAITGVYMSPLSNHSTEKDSAASVIFMVVAPVlJJPFiySLRNNELJ^^ 300 

NOVl: 301 LKKWGR 307 (SEQ ID NO. 27) 

40 *** + * 

OLFR: 301 LKKTLSR 307 (SEQ ID NO. 28) 

Where * indicates identity and + indicates similarity. 



TABLE 5 

45 

NOVl: 1 MEGKNQTNISEFLIiGFSSWQQQQVIaLFALFLCLYLTGLFGNLLILLAIGSDHCLHTPMY 60 

* * **+++*★***** * *** *** ** +** + *****+*++ * ******* 
OLFR: 1 MSGTNQSSVSEFLLLGLSRQPQQQHLLFVFFLSMYLATVLGNLLIILSVSIDSCMTPMY 60 

NOVl: 61 FFI^ANLSLVDLCLPSATVPK^^^LNIQTQTQTISYPGCLAQMYFC3^F^^ 120 

***+*** **+* ****** * +*****+ *** **** ** +****** **** 

OLFR: 61 PFLSNLSFVDICFSFTTVPKMLANHILETQTISFCGCLTQMYFVFMFVDMDNFLIA 120 



50 
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NOVl: 121 DRYVAICHPLHYSTIMALRLCASLVAAPWVIAIIiNPLLHTLMMAHLHFCSDNVIHHFFCD 180 
* + * *** ** + * * ***** 

OLFR: 121 DHFVAVCHPLHYTi^THQLCALLVAGIiWWANIJmiLHTLLMA^^ 180 

5 NOVl: 181 INSLIiPLSCSDTSLJSIQLSVIAWGIiIFWPSVCILVSYILIVSAVMKVPSAQGKLKAF 240 
+ ** ****** **++ +*+ *+ + * +*** * *^.**** ***** 

OLFR: 181 VTPLLKLSCSDTHIiNEVIILSEGALVMITPFIiCIIiASYMHI^^ 240 

NOVl: 241 CGSHIJUJVILFYGAITGVYMSPLSNHSTEKDSAASVIFMNA/APVLNPFI 299 
10 (SEQ ID NO. 29) 

******+*+*** * ** +** + 4.** ***+ *+*++ ** *+********** *** 

OLFR: 241 CGSHLAVVLLFYSTIIAVYFNPLSSHSAEKDTMATVLYTVVTPMLNPFIYSIiRNR^ 299 
(SEQ ID NO. 30) 

Where * indicates identity and + indicates similarity. 



15 



TABLE 6 



NOVl : 48 AIGSDHCLHTPMYFFIJmLSLVDIiCLPSATVPKMIiLNIQTQTQTISYPGCIAQM^ 107 

GPCR: 8 AVSREKALQTTTNYLIVSIAVADLLVAITJVMPWVVYLEVVGEWKFSRIHCDIW^ 67 

20 I NOVl: 108 ANMDNFLLTVMAYDRYVAICHPI.HYSTIM-ALRLCASLVAAPWVIAII^PIJ.HT^ 166 

GPCR: 68 CTASILNLCAISIDRYTAVA^^PMLYWTRYSSKRRVTVMIAIVWVIlSFTISCPMLFG 127 

NOVl : 167 HFCSDNVIHHFFCDINSLIiPLSCSDTSLNQLSVIxATVGLIFVVPSVCILVSYlLIVSAVM 226 

GPCR: 128 DQN ECIIANPAFWYSSIVS- -FYVPFIVTIjIiVYIKIYIVLR 167 



25 



NOVl: 22 7 KVPSAQGKLK 236 (SEQ ID NO. 31) 
GPCR: 168 RRRKRVNTKR 177 (SEQ ID NO. 32) 



Because the OR family of the GPCR superfamily is a group of related proteins 
30 specifically located at the ciliated surface of olfactory sensory neurons in the nasal epithelium 
and are involved in the initial steps of the olfactory signal transduction cascade, NOVl can be 
used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOVl satisfies a need in the art by providmg new diagnostic or therapeutic 
35 compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
, compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and woxmd healing. 

40 
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NOV2 

A NOV2 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A N0V2 nucleic acid and its encoded polypeptide includes the 
5 sequences shown in Table 7. The disclosed nucleic acid (SEQ ID NO:3) is 1 ,040 nucleotides in 
length and contains an open reading frame (ORF) that begins witia an ATG initiation codon at 
nucleotides 82-84 and ends with a TGA stop codon at nucleotides 1,012-1,014. The 
representative ORF encodes a 310 amino acid polypeptide (SEQ ID NO:4). Putative untranslated 
regions upstream and downstream of the coding sequence are imderlined in SEQ ID NO: 3. 

10 

TABLE 7. 

, CCGAACAAGTTAAAATGAATCTGTTTTTAAACACTTCTCCTAAACCATGAGCATTAA 
rTTGATTTCCTCTGTCATAGGGATA TGGGAGACAATATAACATCCATCAGAGAGTTC 
CTCCTACTGGGATTTCCCGTTGGCCCAAGGATTCAGATGCTCCTCTITGGGCTCTTCT 
1 5 CCCTGTTCTACGTCTTCACCCTGCTGGGGAACGGGACCATACTGGGGCTC ATCTCAC 
TGGACTCCAGACTGCACGCCCCCATGTACTTCTTCCTCTCACACCTGGCGGTCGTCG 
ACATCGCCTACGCCTGCAACACGGTGCCCCGGATGCTGGTGAACCTCCTGCATCCAG 
CCAAGCCCATCTCCTTTGCGGGCCGCATGATGCAGACCTTTCTGTTTTCCACTTTTGC 

tgtcacagaatgtctcctcctggtggtgatgtcctatgatctgtacgtggccaTctgc 
20 caccccctccgatatttggccatcatgacctggagagtctgcatcaccctcgcggtg 
acttcctggaccactggagtccttttatccttgattcatcttgtgttacttctaccttt 
acccttctgtaggccccagaaaatttatcactttttttgtgaaatcttggctgttctc 
aaacttgcctgtgcagatacccacatcaatgagaacatggtcttggccggagcaatt 
tctgggctggtgggacccttgtccacaattgtagtttcatatatgtgcatcctctgtg 
25 ctatccttcagatccaatcaagggaagttcagaggaaagccttccgcacctgcttct 
cccacctctgtgtgattggactcgtttatggcacagccattatcatgtatgttggacc 
cagatatgggaaccccaaggagcagaagaaatatctcctgctgtttcacagcctctt 
taatcccatgctcaatccccttatctgtagtcttaggaactcagaagtgaagaatac 

TTTGAi^OAGj^rTTGrTrTGOAGTA^-A ^ Artr,nrTTTATr:A A A AnOATTATGGCATTGTG 
30 ACTGACA (SEQ ID NO.: 3) 
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MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYFFL 
SHLAWDIAYACNTVPRMLVNLLHPAKTISFAGRMMQTFLF 

YVAICHPLRYLAIMTWVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIY^^^ 
VLKLACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAIL 
5 LCVIGLVYGTAIIMYVGPRYGNPKEQKXYLLLFHSLFNPN^ 
LGVERAL (SEQ ID NO.: 4) 

The NOV2 nucleic acid, polypeptide, antibodies and other compositions of the present 
invention can be used to detect nasal epithelial neuronal tissue. A NOV2 nucleic acid was 

1 0 identified on human chromosome 6. 

The NOV2 nucleic acid sequence has a high degree of homology (99% identity) with a 
human genomic clone corresponding to chromosome 6 (CHR6) (GenBank Accession No.: 
AL135904), as shown in Table 8. Additionally, the NOV2 polypeptide has a high degree of 
homology (approxhnately 95% identity) to a human olfactory receptor (OLFR) (GenBank 

15 Accession No.: AL135904), as shown in Table 9. Furthermore, the NOV2 polypeptide has a high 
degree of homology (approximately 91% identity) to a human olfactory protein (OLFR) (EMBL 
Accession No.: AC005587), as shown in Table 10. Overall amino acid sequence identity within 
the mammalian OR family ranges from 45% to >80%. OR genes that are 80% or more identical 
to each other at the amino acid level are considered by convention to belong to the same 

20 subfamily. See Dryer and Berghard, Trends in Pharmacological Sciences. 1 999, 20:413. 

OR proteins have seven transmembrane a-helices separated by three extracellular and 
three cytoplasmic loops, along with an extracellular amino-terminus and a cytoplasmic carboxy- 
terminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. Thus, NOV2 is predicted to have a seven 

^5 transmembrane region, and is similar in that region to a rq)resentative GPCR, e.g. dopamine 
(GPCR) (GenBank Accession No.: P20288) as is shown in Table 1 1 . 

TABLES 

NOV2^ 1 ccgaacaagttaaaatgaatctgtttttaaacacttctcctaaaccatgagcattaactt 60 

1 1 1 i 1 1 1 M 1 1 1 i 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 M I i 1 1 i i I M i 1 1 1 1 1 1 

CHR6: 22579 ccgaacaagttaaaatgaatctgtttttaaacacttctcctaaaccatgagcattaactt 22520 
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N0V2 : 61 gatttcctctgtcatagggatatgggagacaatataacatccatcagagagttcctccta 120 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiliiiliiiiiiiiiliiiiil 

CHR6: 22519 gatttcctctgtcatagggatatgggagacaatataacatccatcagagagttcctccta 22460 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



N0V2 : 121 ctgggatttcccgttggcccaaggattcagatgctcctctttgggctcttctccctgttc 

nil 1 1 Mil I mill 1 1 mill III III I) Mini I II nil 1 1 mil II tiiii 

C3IR6 : 22459 ctgggatttcccgttggcccaaggattcagatgctcctctttgggctcttctccctgttc 



N0V2 : 181 tacgtcttcaccctgctggggaacgggaccatactggggctcatctcactggactccaga 

iiiiiiiiiiiiiiiiiiiiiiiimiiiimiiimiiiiiiiiiiiniiiiiii 

CHR6 : 22399 tacgtcttcaccctgctggggaacgggaccatactggggctcatctcactggactccaga 



180 



22400 



240 



22340 



300 



N0V2 : 241 ctgcacgcccccatgtacttcttcctctcacacctggcggtcgtcgacatcgcctacgcc 

iiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiimiiiiiiiiimiiii 

22339 ctgcacgcccccatgtacttcttcctctcacacctggcggtcgtcgacatcgcctacgcc 22280 



CHR6: 

N0V2: 
CHR6 : 

N0V2: 
CHR6 : 

NOV2: 
eHR6: 

NOV2 : 
CHR6 : 

NOV2: 
CHR6: 

NOV2: 
CHR6*: 

N0V2: 
CHR6: 

NOV2: 
CHR6: 



301 



tgcaacacggtgccccggatgctggtgaacctcctgcatccagccaagcccatctccttt 360 

I II 1 1 Mill II II II II Ml 11 1 II 1 11 11 1 II m I II III II II I ill II II II I II 

22279 tgcaacacggtgccccggatgctggtgaacctcctgcatccagccaagcccatctccttt 22220 



361 



gcgggccgcatgatgcagacctttctgttttccacttttgctgtcacagaatgtctcctc 

llllllllllllllllllllllillllllllllllllllllllllllilllilllM.IM 

22219 gcgggccgcatgatgcagacctttctgttttccacttttgctgtcacagaatgtctcctc 



421 



22159 



481 



22099 



541 



22039 



601 



21979 



661 



ctggtggtgatgtcctatgatctgtacgtggccatctgccaccccctccgatatttggcc 

mil iiiiiiMiiiiiiiiiiiiiMiii III mm mini mill iiiiiii 

ctggtggtgatgtcctat-gatctgtaGgtggccatctgccaccccctccgatatttggcc 



atcatgacctggagagtctgcatcaccctcgcggtgacttcctggaccactggagtcctt 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiiiiMiii 

atcatgacctggagagtctgcatcaccctcgcggtgacttcctggaccactggagtcctt 



ttatccttgattcatcttgtgttacttctacctttacccttctgtaggccccagaaaatt 

iiiiimiiMiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiimi 

ttatccttgattcatcttgtgttacttctacctttacccttctgtaggccccagaaaatt 



tatcacnnnnnimgtgaaatcttggctgttctcaaacttgcctgtgcagatacccacatc 

mill iiiimiiMimiiiiiiiiiniiMmiiiiiiiiiiiiii 

tatcactttttttgtgaaatcttggctgttctcaaacttgcctgtgcagatacccacatc 



420 



22160 



480 



22100 



540 



22040 



aatgagaacatggtcttggccggagcaatttctgggctggtgggacccttgtccacaatt 

iiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiM 

21919 aatgagaacatggtcttggccggagcaatttctgggctggtgggacccttgtccacaatt 



721 gtagtttcatatatgtgcatcctctgtgctatccttcagatccaatcaagggaagttcag 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiliiililiiiiiillililiili 

21859 gtagtttcatatatgtgcatcctctgtgctatccttcagatccaatcaagggaagttcag 
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600 



21980 



660 



21920 



720 



21860 



780 
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NOV2 : 781 aggaaagccttccgcacctgcttctcccacctctgtgtgattggactcgtttatggcaca 840 

IIMIIMIIIIIIIIIilllllllliillilllllllllillllMlllllllllllli 

5 CHR6: 21799 aggaaagccttccgcacctgcttctcccacctctgtgtgattggactcgtttatggcaca 21740 
NOV2 : 841 gccattatcatgtatgttggacccagatatgggaaccccaaggagcagaagaaatatctc 900 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiijiiiiiiiiiiiiiiiiiiiiiiiiin 

lU CHR6: 21739 gccattatcatgtatgttggacccagatatgggaaccccaaggagcagaagaaatatctc 21680 
NOV2 : 901 ctgctgtttcacagcctctttaatcccatgctcaatccccttatctgtagtcttaggaac 960 

lllllllllllllllllllllllllllllllllllllllllllllliilillliiiiiii 

15 CHR6: 21679 ctgctgtttcacagcctctttaatcccatgctcaatccccttatctgtagtcttaggaac 21620 
NOV2 : 961 tcagaagtgaagaatactttgaagagagtgctgggagtagaaagggctttatgaaaagga 1020 

1 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 i 1 1 1 1 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 i 1 1 1 i 1 1 i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

2U CHR6: 21619 tcagaagtgaagaatactttgaagagagtgctgggagtagaaagggctttatgaaaagga 21560 
NOV2: 1021 ttatggcattgtgactgaca 1040 (SEQ ID NO. 3) 

liiiiiiiiliiiiiiiiii 

CHR6: 21559 ttatggcattgtgactgaca 21540 (SEQ ID NO. 34) 

TABLE 9 

NOV2: 51 DSRLHAPMYFFLSHLAVVDIAYACNTVPRMLVNLLHPTIKPI 110 

******* ic***************'k****'k*****ieitit**if it********** 
OLFR: 13 DSRLHAPMYFFLSHtiAVVDIAYACNTVPIU^VNLIjHPAKPISFAGRm 72 

NOV2: 111 CLLLVVMSYDLWAICHPLRYI^IMTWRVCITLAVTSWTTGVXXXXXXXXXXXXXP^^ 170 
****************************************** ***** 

OIiPR: 73 CbI.LVVMSYDLYVAICHPLRYIAIMTWRVCITIiAWSWTTGVI^ 132 

35 NOV2: 171 QKIYHFFCEIIJAVLKIlACADTHINEN^mJAGAISGLVGPLSTIWSYMCILCAILQIQSR 230 
********************************************* ************ 
OLFR: 133 QKIYHFFCEILAVIiKLACADTHINENMNn^GAISGLVGPLSTIWSYMCILCAI^ 192 

NOV2: 231 EVQRKAFRTCFSHLCS/'IGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMI^LICS 290 

40 ************** ******************ik'*********i^it ************** 

OLFR: 193 EVQRKAFRTCFSHLCVIGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICS 252 

NOV2:--291 LRNSEVKNTLKRVLGVERAIi -3ia-(SEQ ID NO. 35) 
******************** 

45 OLFR: 253 LRNSEVKNTLKRVLGVERAL 272 (SEQ ID NO. 36) 

Whete * indicates identity 



25 



30 



TABLE 10 

NOV2: 1 MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFXXXXXXXXXXXXXXDSRLHAPMYF 60 

50 ************************************ ********** 

OLFR: 1 MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGN6TILGLISLDSRLHAPMXT 60 
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NOV2: 61 FIiSHIiAVVDIAYAa^TVPR>nLiVNIiIJiPAKPISFAGI»^QTI^ 120 

OliFR: 61 FI.SHIAVVDIAYAC^r^VPR^ILVNIiIiHPAKPISFAG^^ 120 

5 NOV2: 121 LYVAICTPLRYIiAIMTWRVCITLAVTSWTTGVXXXXXXXXXXXXXPFC^ 180 

ii*it1t*'k****'k*-k*********-kifk-k'k*-kie-kic 'k'k-k* *********** 

OIjFR: 121 LYVAICHPI^yiaAIMTWRVCITIiAWSWTTGVIiLSLim 180 
NOV2: 181 LAVLKIiACADTHINENM\nUAGAISGLVGPIiSTrW 240 

JO ************************************************************ 

OLFR: 181 lAVIiKIACADTHINENIWIJ^GAISGLVGPLSTrWSYMCILCAIIjQ^ 240 

NOV2: 241 FSHLCVIGLVYGTAII^m^GPRYGNPKEQKKYIiIiIJFHSIiF^rPMIiNPL 300 
************************************************************ 

15 OLFR: 241 FSHIiCVIGLWGTAIIMYVGPRYGNPKEQKKYliLLFHSLFNPMIiNPLICSLRNSEV^ 300 

NOV2: 301 KRVLGVERAL 310 (SEQ ID NO. 4) 
********** 

OliFR: 301 KRVIiGVERAL 310 (SEQ ID NO. 38) 

20 Where * indicates identity 
TABLE 11 

NOV2 : 53 RIJmPMYFFLSHIAVVDIAYACam^RMIiVNIJ^PAKPISFAGRl^ 112 
GPCR: 14 AIiQTTTNYIlXVSI*AVADI*LVATLVMPWV^m^BWGEWKFSRIHCDIF 73 

25 NOV2 : 113 IiLVVMSYDIJYVAICHPI4RYIlAI^m^-RVCITIiAVTSWTTGVIiLSL 171 
GPCR : 74 NLCAISIDRYTAVAMPMLYNTRYSSKRRVTVMIAIVVATLSFTISCPMLFGLN^ - 131 

NOV2 : 172 KIYHFFCEILAVLKIiACADTHINENMVliAGAISGIiVGPLSTIWSYMCIIiCAIIiQIQSRE 231 
GPCR: 132 -CIIANPAF WySSIVSFYVPFIVTLLVYIKIYIVLRRRRKRV 173 

NOV2: 232 VQRK 235 (SEQ ID NO. 39) 
GPCR: 174 NTKR 177 (SEQ ID NO. 40) 



30 



35 The OR family of the GPCR superfamily is involved in the initial steps of the olfactory 

signal transduction cascade. Therefore, the NOV2 nucleic acid, polypeptide, antibodies and other 
compositions of the present invention can be used to detect nasal epithelial neuronal tissue. 

Based on this relatedness to other known members of the OR family of the GPCR 
superfamily, NOV2 can be used to provide new diagnostic and/or therapeutic compositions 

40 useful in the treatment of disorders associated with alterations in the expression of members of 
OR family-like proteins. Moreover, nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are also useful in the treatment of a variety of diseases and 
pathologies, including but not limited to, those involving neurogenesis, cancer, and wound 
healing. 

45 
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NOV3 

A N0V3 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV3 nucleic acid and its encoded polypeptide includes the 
5 sequences shown in Table 12. The disclosed nucleic acid (SEQ ID NO:5) is 1 ,090 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 15-17 and ends with a TAA stop codon at nucleotides 1,061-1,063. The 
representative ORF encodes a 314 amino acid polypeptide (SEQ ID NO:6). Putative untranslated 
regions upstream and downstream of the coding sequence are underlined in SEQ ID NO: 5. 

10 

TABLE 12. 

AAGAAGTTCTTCAG ATGCGAGGTTTCAAr.AAAArrArTrTTrTrrTTArArAriTTr-ATr^r 
TGGTGGGTTTCTCCAGCCTGGGGGAGCTCCAGCTGCTGCTTTTTGTCATCTTTCTTCT 

1 5 CCTATACTTGACAATCCTGGTGGCC AATGTGACCATC ATGGCCGTTATTCGCTTCAG 
CTGGACTCrCCACACTCCCATGTATGGCrrrCTATTCATCCTTTCATTTTCTGAGTCCT 
GCTACACTTTTGTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCAGACACCAAGA 
CCATCTCCTTCATGGCCTGTGCCACCCAGCTGTTCTTTTTCCTTGGCTITGCTTGCACC 
AACTGCCTCCTCATTGCTGTGATGGGATATGATCGCTATGTAGCAATTTGTCACCCTC 

20 TGAGGTACACACTCATCATAAACAAAAGGCTGGGGTTGGAGTTGATTTCTCTCTCAG 
GAGCCACAGGTTTCTTTATTGCTTTGGTGGCCACCAACCTCATTTGTGACATGCGTTT 
TTGTGGCCCCAACAGGGTTAACCACTATTTCTGTGACATGGCACCTGTTATCAAGTT 
AGCCTGCACTGACACCCATGTGAAAGAGCTGGCTTTATTTAGCCTCAGCATCCTGGT 
AATTATGGTGCCTTTTCTGTTAATTCTCATATCCTATGGCTTCATAGTTAACACCATC 

25 CTGAAGATCCCCTCAGCTGAGGGCAAGAAGGCCTTTGTCACCTGTGCCTCACATCTC 
ACTGTGGTCTTTGTCCACTATGGCTGTGCCTCTATCATCTATCTGCGGCCCAAGTCCA 
AGTCTGCCTCAGACAAGGATCAGTTGGTGGCAGTGACCTACACAGTGGTTACTCCCT 
TACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAGAGGTAAAAACTGCATTGAAAA 
GAGTTCTTGGAATGCCTGTGGCAACCAAGATGAGCTAACAAAAAATAATAATAAAA 

30 TTAACTAGGATAGTCACAGAAGAAATCAAAGGCATAAAATTTTCTGACCTTTAATGC 
ATGTCTCAGACAGTGTTTCCAAGGATTA AGACTACTCTTGCCTTTTTATTTTCTCC 
(SEQ ID NO.: 5) 

20 
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^4RG^«JKT^WTQFILVGFSSLGELQLLLFWLLLYLT1LVANVTIMAVIRFSWTLHTPMY 
GFLFILSFSESCYTFVnPQLLVHLLSDTKTISFMACATQLFFFLGFACTNCLLIAVMGyDR 
YVAICHPLRYTLIINKM.GLELISLSGATGFFIALVAT^^.ICDMRFCGP^^lVNHYFCDM^ 
5 viKLACTDTHVKELALFSLSlLVlMWFLLILISYGFIVNmKIPSAEGKKAFW 

VFVHYGCASIIYLRPKSKSASDKDQLVAVTYTVVTPLLNPLVYSLR>nCEVKTALKRVLG 

MPVATKMS (SEQ ID NO.: 6) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
10 located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 

involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV3 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. A NOV3 nucleic acid was identified on human 
chromosome 1. 

15 TheNOV3 nucleic acid sequence has a high degree of homology (99% identity) with a 

human genomic clone corresponding to chromosome 1 (CHRl) (GenBank Accession 
No.:AL121986), as is shown in Table 13. Also, the N0V3 polypeptide'has homology 
(approximately 50% identity, 70% similarity) to a human olfactory receptor (OLFR) (GenBank 
Accession No.: F20722), as is shown in Table 14. Overall amino acid sequence identity within 
20 the mammalian OR family ranges from 45% to >80%. OR genes that are 80% or more identical 
to each other at the amino acid level are considered by convention to belong to the same 
subfamily See Dryer and Berghard, Trends in Pharmacological Sciences, 1999, 20:413. OR 
proteins have seven transmembrane a-helices separated by three extracellular and three 
cytoplasmic loops, with an extracellular ammo-terminus and a cytoplasmic carboxy-teiminus. 
25 Multiple sequence aligment suggests that the ligand-binding domain of the ORs is between the 
second and sixth transmembrane domains. NOV3 is predicted to have a seven transmembrane 
region, and is similar in that region to a representative GPCR, e.g. dopamine (GPCR) (GenBank 
Accession No.: P20288) as is shown in Table 1 5. 



30 TABI.E 13 

NOV3: 1 aagaagttcttcagatgcgaggtttcaacaaaaccactgtggttacacagttc^ 60 

MllirillllllllllillilMiin I IIIIIHMIMIIIMIillllillll 

CHRl • 145895 iigligtUttcagi^ciaigtttcaacaaaaccactgtggttacacagttcatcctgg 



145836 
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N0V3: 61 ^ffStttctccagcctgggggagctccagctgctactttttgtcatctttcttctcctat 120 

CHRl. 145835 '"I I HI Ml I I I I I I I I I I I 1 I I I I I I I I I I I I I I I 1 | | | | | | | H I I I 

CHRl. 145835 t99gtttctccagcct9ggggagctccagctgctsctttttgtcatititcticiiii;t 145775 

N0V3 : 121 f ^"Sacaatcctggtggccaatgtgaccatcatggccgttattcgcttcacctaaactf. 1 an 
CHRl. 145775 acttgacaatcctggtggccaatgtgaccatcatggccgttattcgottcagcigglrto 145716 

NOV3: 181 tccacactcccatgtatggctttctattcatcctttcattttctgac^tcctqctacact^ 5iin 

CHRl. 14571S '''''''''I'l'iiiiiniiMiiiMiiiiiiiiNiiiiiiiiminmm^ 

CHRl: 145715 tccacactcccatgtatggctttctattcatcctttcattttctgagiiiigiililiii ^^^656 
NOV3: 241 "?tcatcatccctcagctgctggtccaoctgctctcagacaccaaqaccatctccctca ^nn 

CHRl. 145555 1 iU'i" ' " 1 1 1 1 1 1 1 1 1 1 1 1 1 1 III 1 1 1 II 1 1 1 Ml 1 1 1 1 1 1 m I M m IT 

CHRl. 145655 ttgtcatcatcectcagctgctggtccacctgctctcagacaccaagaccatctccttca 145596 

NOV3 : 301 '^ggcotgtgccacccagctgttctttttccttggctttgcttgcaccaactgcctcctca 360 
CHRl. 1455S5 ' ' ' ' ' ' ^ ' ' ' ' ' ' ' ' " ^ I I I I I 1 I I I I M I I I I I N I I I I I I I || | 1 | | | | Hi 1 I I 1 
^ CHRl. 145595 tggcctgtgccacccagctgttctttttccttggctttgcttgcaccaaitgciiicica 145536 

NOV3: 361 "f^tgtgatgggatatgatcgctatgtagcaatttgtcaccctctgaggtacacactca 420 

CHRX. 14553S ' Uii ' I I ''''''''''''''''''''''' ''I ''I I I I I I I fl I I I I II II I I II 

CHRl. 145535 ttgctgtgatgggatatgatcgctatgtagcaatttgtcaccctctgaggtaciclctia 145476 

NOV3: 421 ^^ff ^^f f f fff faggctggggttggagttgatttctctctcaggggccacaqqtttcttta 480 

CHRl. 145475 ' ' ' ' ' " ' ' " ' ' ' ' ^ I I M I I M I II 11 || I | | | | I | | | | | ff | | | | | | ff n hf 

CHRl. 145475 tcataaacaaaaggctggggttggagttgatttctctctcaggagccacaggttictiil 145416 

NOV3: 481 "S^^^ff^ggccaccaacctcatttgtg 

CHRl. 145415 li'''''''''''''''lllllllllll||||||||||||||||||||||||||||f||| 

CHRl. 145415 ttgotttggtggccaccaacctcatttgtgacatgcgtttttgtggccciaa^giiitl 145356 ■ 

NOV3: 541 "^j^^'j^^^^^^^^gtgacatggcac^^ g„„ 

r^, ' '''''I'HIl illllllllllllillllllilllllll 

CHRl: 1453S5 accactatttctgtgacatggcaccUiiliilUiiiiii^iii^i^ ,,3,^^ 

NOV3: 601 ^^f^^^^ggctttatttagcctc^ 

CHRl. 14^,0.; '''' I '1 ' I I I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I , I , I 

CHRl: 145295 aagagctggctttatttagcctoagcatcctggtaattatggtgcctttictgiUIiic 145236 

.NOV3: 661 ^^^tMM?^M???M?t^t?V°?^'=^'='=^'^'==^3^^9*tcccctcagctga3ggcaaga 720 
r^, I II II II III II I lllllllllllllllllllllllllllllllllll 

CHRl: 145235 tcatatcctatggcttcatagttaiili^I^ili^ii^iiiiiiiil^ii^ 145176 

NOV3: 721 ^^^^"^f f ^---^gtgcctcacatct^ 

CHRl- 145175 I'i' 'J I I I I I I I N I I II I 11 I I I I I I I I 

CHRl. 145175 aggoctttgtcacctgtgcctcacatctcaotgtggtctttgtccaiiatigiigigcii 1451I6 

NOV3 : 781 ^tatcatctatctgcggcoc^^^ 

CHP, e ' 'I' 'I' I > I I I I I N I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I I I I I I II 

CHRl: 145115 ctatcatctatctgcggcccaagtccaagtctgiiiiUl^ili^iiii^ii^^i^^ ,,3„3g 
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NOV3- 841 tQacctacgcagtggttactcccttacttaatcctcttgtctacagtctgaggaacaaag 900 

iiiiiiii iiimiiiiiiiiiiiiiiiiimimimiimiiimmiii 

5 CHRl: 145055 tgacctacacagtggttactcccttacttaatcctcttgtctacagtctgaggaacaaag 144996 



10 



N0V3- 901 aggtaaaaactgcattgaaaagagttcttggaatgcctgtggcaaccaagatgagctaac 960 

iiiiiiiimiiiiiii iiiiiiiiiiimiiiiiMiiimimiimi 

CHRl: 144995 aggtaaaaactgcattgaaaagagttcttggaatgcctgtggcaaccaagatgagctaac 144936 



15 



N0V3- 961 aaaaaataataataaaattaactaggatagtcacagaagaaatcaaaggcataaaatttt 1020 

iiiiiiiiiiiiiiiiiiiiiiimiimiiiimmiiiimiiiiiiiiiiil 

CHRl: 144935 aaaaaataataataaaattaactaggatagtcacagaagaaatcaaaggcataaaatttt 144876 



NOV3- 1021 ctqacctttaatgcatgtctcagacagtgtttccaaggattaagactactcttgcctttt 1080 

. lIlllllllllllllllllllllllMllllllllllllllllllllllMIMIimi 

20 CHRl: 144875 ctgacctttaatgcatgtctcagacagtgtttccaaggattaagactactcttgcctttt 144816 

, NOV3: 1081 tattttctcc 1090 (SEQ ID NO. 5) 
llllllllll 

25 CHRl: 144815 tattttctcc 144806 (SEQ ID NO. 42) 
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TABLE 14 

1 MRGFNKTTVVTQFILVGFSSLGELQLLLFVIFLLLYLTILVANVTIMAVIRFSWTLHTPM 59 

* * * *++ ++******★+ *+ *+ *** + +****★ 

1 MIiGLNHTSM-SEFILVGFSAFPHLQLMLFLLFLLrm.FTLLGNLLIMATVWSERSLHTPM 59 

60 YGFLFILSFSESCYTFVIIPQLLVHLLSDTKTISFMACATQLFFFLGFACTNCLLIAVMG 119 

★ ** +** ** ** ***++* *** ++*+*+***+*+** * *+ *+ *** 

60 YLFLCVLSVSEILYTVAIIPRMLADLLSTQRSIT^FLACASQMFFSFSFGFTHSFIiTVMG 119 

120 YDRYVAICHPLRYTLIINKRLGLELISLSGATGFFIALVATNLICDMRFCGPNRVNHYFC 179 

************* ++++ * *+***++**+*+ *** + + *+ * 

120 YDRYVAICHPLRYNVIJ^SPRGCACLVGCSWAGGSVMGIWVTSAIFQLTFCGSHEIQHFLC 179 

180 DMAPVIKLAC-TDTHVKEIJUiFSLSILVIMVPFLLILISYGFIVOTILKIPSAEGK 239 

+ ♦++**** + *++*+++ *****+** *** *********+ *** 

ISO HVPPLLKIACGNNVPAVALGVGLVCIMALLGCFLLILLSYAFIVADILKIPSAEGRNKAF 239 

240 VTCASHLTWFVHYGCASIIYLRPKSKSASDKDQLVAVTYTVVTPLLNPLVYSLRNKE^ 299 

****** ** **** **+*★*+** + + * *+* ** *+** *+*+++******+* 
240 STCASHLIWIVHYGFASVIYLKPKGPHSQEGDTLMATTYAVLTPFLSPIIFSLRNKELK 299 

300 TALKR 304 (SEQ ID NO. 43) 
*+** 

300 VAMKR 304 (SEQ ID NO. 44) 



Where * indicates identity and + indicates similarity 



TABLE 15 



102 



NOV3 : 43 NVTIMAVIRFSWTLHTPMYGFLFILSFSESC^^TFVIIPQLLVHLLSDTKTISF^^ 
55 GPCR: 2 NVLVCMAVSREKALQTTTNYLIVSLAVADLLVATLVMPWVVY^ 61 
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NOV3: 103 FFFLGFACTNCLLIAVMGYDRYVAICHPLRYTLIIN-KRLGLELISLSGATGFFIALVAT 161 

GPCR: 62 TLDV^MCTASIIJJLCAISIDRYTAVAMP^^:.YNTRYSSKRRVTVMIAIVWVL 

NOV3 : 162 NI.ICI)MRPCGPNRVl!IHyFCDMAPVIKIACTDTHVKEIJUiFSLSII,VIMVPPI^ 

GPCR: 122 FGLNNTDQNEC- - IIANPAFWySSIVSPyvPFIVTLLVYIK 

NOV3: 222 IVNTILKI 229 (SEQ ID NO. 45) . 

GPCR: 162 lYIVLRRR 169 (SEQ ID NO. 46) 



121 

221 
161 



The OR family of tbe GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, in one 
embodiment, the NOV3 nucleic acid, polypeptide, antibodies and other compositions of the 
present invention can be used to detect nasal epithelial neuronal tissue. ' 
15 Based on its relatedness to the known members of the OR family of the GPCR 

superfamily, NOV3 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the freatment and/or diagnosis of a variety of 
20 diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

NOV4 

A NOV4 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. The NOV3 nucleic acid sequence (SEQ ID NO.: 5) was further 
analyzed by exon linking and the resulting sequence was identified as NOV4. A NOV4 nucleic 
acid and its encoded polypeptide includes the sequences shown in Table 16. The disclosed 
nucleic acid (SEQ ID NO:7) is 1,090 nucleotides in length and contains an open reading frame 
(ORF) that begins with an ATG initiation codon at nucleotides 15-17 and ends with a TAA stop 
codon at nucleotides 1,061-1,063. The representative ORF encodes a 314 amino acid 
polypeptide (SEQ ID NO:8). Putative untranslated regions upstream and downstream of the 
coding sequence are underlined in SEQ ID NO: 7. 
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TABLE 16. 

AAGAAnTTCTTCAG ATGCGAGGTTTCAACAAAACCACTGTGGTTACACAGTTCATCC 

TGGTGGGTITCTCCAGCCTGGGGGAGCTCCAGCTGCTACmTrGTCATCTTTCTTCT 

CCTATACTTGACAATCCTGGTGGCCAATGTGACCATCATGGeCGT TATT CGCTTCAG 

CTGGACTCTCCACACTCCCATGTATGGCTTTCTATTCATCCTTTCATTTTCTGAGTCCT 

GCTACACTTTTGTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCAGACACCAAGA 

CCATCTCCCTCATGGCCTGTGCCACCCAGCTGTTCTTTTTCCTTGGCITTGCTTGCAC 

CAACTGCCTCCTCATTGCTGTGATGGGATATGATCGCTATGTAGCAATTTGTCACCCT 

CTGAGGTACACACTCATCATAAACAAAAGGCTGGGGTTGGAGTTGATTTCTCTCTCA 

GGGGCCACAGGTITCTTTATTGCTTTGGTGGCCACCAACCTCATTTGTGACATGCGTT 

TITGTGGCCCCAACAGGGTTAACCACTATTTCTGTGACATGGCACCTGTTATCAAGTT 

AGCCTGCACTGACACCCATGTGAAAGAGCTGGCTTTATTTAGCCTCAGCATCCTGGT 

AATTATGGTGCCTTTTCfGTTAATTCTCATATCCTATGGCTTCATAGTCAACACCATC 

CTGAAGATCCCCTCAGCTGAGGGCAAGAAGGCCTTTGTCACCTGTGCCTCACATCTC 

ACTGTGGTCTTTGTCCACTATGACTGTGCCTCTATCATCTATCTGCGGCCCAAGTCCA 

AGTCTGCCTCAGACAAGGATCAGTTGGTGGCAGTGACCTACGCAGTGGTTACTCCCT 

TACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAGAGGTAAAAACTGCATTGAAAA 

GAGTTCTTGGAATGCCTGTGGCAACCAAGATGAGCTAACAAAAAATAATAATAAAA 

TTAACTAGGATAGTCACAGAAGAAATCAAAGGCATAAAATTTTCTGACCTTTAATGC 

ATGTCTCAOA'-AriTr.TTTrrAAfinATTA AOACTACrCT TGCCTTTTTATm 

(SEQIDNO.:?) 

MRGFNKTTVVTQFILVGFSSLGELQLLLFVIFLLLYLTILVANVTIMAVIRFSWTLHTPMY 

GFLFILSFSESCYTFVIIPQLLVHLLSDTKTISLMACATQLFFFLGFACTNCLLIAVMGYDR 

YVAICHPLRYTLIimRLGLELISLSGATGFFIALVATNLICDMRFCGPNRVNHYFCDMAP 

VIKLACTDTHVKELALFSLSILVIMVPFLLILISYGFIVNTILKIPSAEGKKAFW^ 

VFVHYDCASIIYLRPKSKSASDKDQLVAVTYAVVTPLLNPLVYSLRNKEVKTALKRVLG 

MPVATKMS (SEQ ID NO.: 8) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV4 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. A N0V4 nucleic acid was identified on human 
chromosome 1. 

The NOV4 nucleic acid sequence has a high degree of homology (99% identity) with a 
human genomic clone corresponding to chromosome 1 (CHRl) (GenBank Accession 
No.:AL121986), as is shown in Table 17. The NOV4 nucleic acid sequence also has a high 
degree of homology with the N0V3 sequence (99% identity), as is shown in Table 18. Also, the 
NOV3 polypeptide has homology (approximately 53% identity, 71% similarity) to the human 
olfactory receptor lOJl (OLFR) (GenBank Accession No.: P30954), as is shown in Table 19. 

25 
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Overall amino acid sequence identity within the mammalian OR family ranges from 45% to 
>80%. OR genes that are 80% or more identical to each other at the amino acid level axe 
considered by convention to belong to the same subfamily. See Dryer and Berghard, Trends in 
Pharmacological Sciences. 1999, 20:413. OR proteins have seven transmembrane a-helices 
5 separated by three extracellular and three cytoplasmic loops, witii an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
NOV4 is predicted to have a seven transmembrane region, and is similar in that region to a 
representative GPCR, e.g, dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
10 Table 20- 

TABLE 17 

I 

NOV4: 1 aagaagttcttcagatgcgaggtttcaacaaaaccactgtggttacacagttcatcctgg 60 

illMlllflllllllllllllllllllllllllllillllllllllllllllllMIII 

CHRl: 145895 aagaagttcttcagatgcgaggtttcaacaaaaccactgtggttacacagttcatcctgg 145836 



20 



NOV4: 61 tgggtttctccagcctgggggagctccagctgctactttttgtcatctttcttctcctat 120 

n^. ,.co, "IIIIIIIIIIIIIIIIIIIIIIIIJDlim llllllllllllliillllllllll 

CHRl: 145835 tgggtttctccagcctgggggagctccagctgctgctttttgtcatctttcttctcctat 145776 



N0V4 : 121 acttgacaatcctggtggccaatgtgaccatcatggccgttattcgcttcagctggactc 180 

I I I I I I I I i I I i I I I i I I I I I I I I I I I I I I I I I I I i I i I I I i i I I I I I I I I I I I I I I I I I 
CHRl: 145775 acttgacaatcctggtggccaatgtgaccatcatggccgttattcgcttcagctggactc 145716 

N0V4: 181 tccacactcccatgtatggctttctattcatcctttcattttctgagtcctgctacactt 240 

^ llllilllilllllllllllllllllllllllllllllllllllllllllllllllMli 

CHRlr 145715 tccacactcccatgtatggctttctattcatcctttcattttctgagtcctgctacactt 145656 
N0V4: 241 ttgtcatcatccctcagctgctggtccacctgctctcagacaccaagaccatctccctca 300 

IIIIIIMMIiliillllllllllilllllllllllllllilllllllillllll III 

CHRl: 145655 ttgtcatcatccctcagctgctggtccacctgctctcagacaccaagaccatctccttca 145596 
NOV4: 301 tggcctgtgccacccagctgttctttttccttggctttgct^^^ 360 

' . IMMIIIIIIMIIillilllllllllllllllllllMllllllilllllllllllli 

CHRl: 145595 tggcctgtgccacccagctgttctttttccttggctttgcttgcaccaactgcctcctca 145536 
NOV4: 361 ttgctgtgatgggatatgatcgctatgtagcaatttgtcaccctctgaggtacacactca 420 

illllllllllillMllllllllilllllllllllillillllllllllliiiiiiiii 

CHRl: 145535 ttgctgtgatgggatatgatcgctatgtagcaatttgtcaccctctgaggtacacactca 145476 



50 



N0V4: 421 tcataaacaaaaggctggggttggagttgatttctctctcaggggccacaggtttcttta 480 

_ lllillllillflllllllllillilllilllllllllKIII IKIIIIIIIIIIIK 

CHRl: 145475 tcataaacaaaaggctggggttggagttgatttctctctcaggagccacaggtttcttta 145416 
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M0V4: 481 ttgctttggtggccaccaacctcatttgtgacatgcgtttttgtggccccaacagggtta 540 

IIIIIIMIIMIIIIIillllllllillllllllillllilllMllllllililllll 

CHRl: 145415 ttgctttggtggccaccaacctcatttgtgacatgcgtttttgtggccccaacasggtta 145356 
NOV4: 541 accactatttctgtgacatggcacctgttatcaagttagcctgcactgacacccatgtga 600 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

CHRl: 145355 accactatttctgtgacatggcacctgttatcaagttagcctgcactgacacccatgtga 145296 
NOV4: 601 aagagctggctttatttagcctcagcatcctggtaattatggtgccttttctgttaattc 660 

IMilllllilllllllillllllllllllllllillillillillllNNIINMIi 

CHRl: 145295 aagagctggctttatttagcctcagcatcctggtaattatggtgccttttctgttaattc 145236 
NOV4: 661 tcatatcctatggcttcatagtcaacaccatcctgaagatcccctcagctgagggcaaga 720 

llllllllllllllllilllil illtlllUlllliMlillllllllillMIIIIII 

CHRl: 145235 tcatatcctatggcttcatagttaacaccatcctgaagatcccctcagctgagggcaaga 145176 
NOV4 : 721 aggcctttgtcacctgtgcctcacatctcactgtggtctttgtccactatgactgtgcct 780 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiii 

CHRl: 145175 aggcctttgtcacctgtgcctcacatctcactgtggtctttgtccactatggctgtgcct 145116 

N0V4 : 781 ctatcatctatctgcggcccaagtccaagtctgcctcagacaaggatcagttggtggcag 840 

IlillllllllllilllllllMIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIII 

CHRl: 145115 ctatcatctatctgcggcccaagtccaagtctgcctcagacaaggatcagttggtggcag 145056 
NOV4: 841 tgacctacgcagtggttactcccttacttaatcctcttgtctacagtctgaggaacaaag 900 

IIIIIIII llllllllllllllllllillllllllllllllMIIIIIIIIIIIIIIII 

CHRl: 145055 tgacctacacagtggttactcccttacttaatcctcttgtctacagtctgaggaacaaag 144996 
NOV4: 901 aggtaaaaactgcattgaaaagagttcttggaatgcctgtggcaaccaagatgagctaac 960 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiiii 

CHRl: 144995 aggtaaaaactgcattgaaaagagttcttggaatgcctgtggcaaccaagatgagctaac 144936 
NOV4: 961 aaaaaataataataaaattaactaggatagtcacagaagaaatcaaaggcataaaatt tt 1020 

iiiiiiiiiiiliiiiliiiiliiiiiiiiiiiiiiiiiiiiililiiiiiiiiiiiiii 

CHRl: 144935 aaaaaataataataaaattaactaggatagtcacagaagaaatcaaaggcataaaatttt 144876 
NOV4r 1021 ctgacctttaatgcatgtctcagacagtgtttccaaggattaagactactcttgcctttt 1080 

IIIIIIIIIIIIIIIIIIIIIIIIIINIIIIIIIIIIMIIIIIillllllllllllll 

CHRl: 144875 ctgacctttaatgcatgtctcagacagtgtttccaaggattaagactactcttgcctttt 144816 

NOV4: 1081 tattttctcc 1090 (SEQ ID NO. 4) 
llllllllll 

CHRl: 144815 tattttctcc 144806 (SEQ ID NO. 42) 

TABLE 18 

NOV4: 1 AAGAAGTTCTTCAGATGCGAGGTTTCAACAAAACCACTGTGGTTACACAGTTCATCCTGG 60 

llllllllllllllllillllllllllllllilllllllllllllllllllillMIIM 

NOV3: 1 MGAAGTTCTTCAGATGCGAGGTTTCAACAAAACCACTGTGGTTACACAGTTCATCCTGG 60 

NOV4: 61 TGGGTTTCTCCAGCCTGGGGGAGCTCCAGCTGCTACTTTTTGTCATCTTTCTTCTCCTAT 120 



27 



BNSOOCtD: <WO_0151632A3JA> 



wo 01/051632 
NOV3 : 



PCT/USOl/01513 

lilllMliiMilllllNIIIIIIIMIIIII illMIIIMIillliillllllll 

61 TGGGTTTCTCCAGCCTGGGGGAGCTCCAGCTGCTGCTTTTTGTCATCTTTCTTCTCCTAT 120 
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NOV4: 

NOV3: 

NOV4: 

NOV3: 

NOV4: 

NOV3: 

NOV4; 

NOV3 : 

NOV4: 

NOV3 : 

NOV4: 

NOV3 : 

NOV4: 

NOV3: 

N0V4: 

NOV3 : 

NOV4: 

NOV3 : 

NOV4: 

NOV3: 

NOV4 : 

NOV3 : 

NOV4 : 

NOV3: 

NOV4 : 

NOV3 : 

NOV4: 

N0V3 : 



121 ACTTGACAATCCTGGTGGCCAATGTGACCATCATGGCCGTTATTCGCTTCAGCTGGACTC 180 

IINIiilllMililMNIIMMIiMllllltlllllilMKIIIIiliMiiM 

121 ACTTGACAATCCTGGTGGCCAATGTGACCATCATGGCCGTTATTCGCTTCAGCTGGACTC 180 
181 TCCACACTCCCATGTATGGCTTTGTATTCATCCTTTCATTTTCTGAGTCCTGCTACACTT 240 

IMIIIIIilllllllllMllltllllllllillllllllillllillMiillltlll 

181 TCCACACTCCCATGTATGGCTTTCTATTCATCCTTTCATTTTCTGAGTCCTGCTACACTT 240 



241 



241 



301 



TTGTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCAGACACCAAGACCATCTCCCTCA 

MIIIIIIIIIIIIIIIIIIMIIIIIillllllllMllllllllllliiiiiii III 

TTGTCATCATCCCTCAGCTGCTGGTCCACCTGCTCTCAGACACCAAGACCATCTCCTTCA 



TGGCCTGTGCCACCCAGCTGTTCTTTTTCCTTGGCTTTGCTTGCACCAACTGCCTCCTCA 

illillMlllllllllllllillllllllllllilllllllllllllllilllMilll 

3 01 TGGCCTGTGCCACCCAGCTGTTCTTTTTCCTTGGCTTTGCTTGCACCAACTGCCTCCTCA 
361 TTGCTGTGATGGGATATGATCGCTATGTAGCAATTTGTCACCCTCTGAGGTACACACTCA 

IliMlllllllllllllilllllMllllllllllllilllllillllllillllMII 

361 TTGCT6TGATGGGATATGATCGCTATGTAGCAATTTGTCACCCTCTGAGGTACACACTCA 
421 TCATAAACAAAAGGCTGGGGTTGGAGTTGATTTCTCTCTCAGGGGCCACAGGTTTCTTTA 

IIMIIIIMIMIIMIMIMMIIMIIIIIIIIIIIIII 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

421 TCATAAACAAAAGGCTGGGGTTGGAGTTGATTTCTCTCT.CAGGAGCCACAGGTTTCTTTA 



300 



300 



360 



360 



420 



420 



480 



480 



481 



481 



541 



541 



TTGCTTTGGTGGCCACCAACCTCATTTGTGACATGCGTTTTTGTGGCCCCAACAGGGTTA 540 

• lllllillllMiilMlllllllllllllllli|||||f||||M||||j|||j|||i 

TTGCTTTGGTGGCa^CCAACCTCATTTGTGACATGCGTTTTTGTGGCCCCTVACAGGGTTA 540 



ACCACTATTTCTGTGACATGGCACCTGTTATCAAGTTAGCCTGCACTGACACCCATGTGA 

tMlllillllllMIMIIIMMIMIIMMIMIIIIIIIIIMIIIIIIIIIMI 

ACCACTATTTCTGTGACATGGCACCTGTTATCAAGTTAGCCTGCACTGACACCCATGTGA 



600 



600 



601 AAGAGCTGGCTTTATTTAGCCTCAGCATCCTGGTAATTATGGTGCCTTTTCTGTTAATTC 660 

MlliililllllilillllllllMllllllllllillllillilllliMIIIIIIII 

601 AAGAGCTGGCTTTATTTAGCCTCAGCATCCTGGTAATTATGGTGCCTTTTCTGTTAATTC 660 
661 TCATATCCTATGGCTTCATAGTCAACACCATCCTGAAGATCCCCTCAGCTGAGGGCAAGA 720 

IlililllMlililMlllli MIIIIIIIMIIItlllililMIIIIIIIMIIII 

661 TCATATCCTATGGCTTCATAGTTAACACCATCCTGAAGATCCCCTCAGCTGAGGGCAAGA 720 
721 AGGCCTTTGTCACCTGTGCCTCACATCTCACTGTGGTCTTTGTCCACTATGACTGTGCCT 780 

NNIIIIIIIIIIIIIIIiMlllllilllllillMliiiiiiiiiiii llllllil 

721 AGGCCTTTGTCT^CCTGTGCCTCACATCTCTVCTGTGGTCTTTGTCa^CTATGGC^ 780 
781 CTATCATCTATCTGCGGCCCAAGTCCAAGTCTGCCTCAGACAAGGATCAGTTGGTGGCAG 840 

illllMMIIIIIIIIillllllllllilillllllilllllllirMlililllllll 

781 CTATCT^TCTATCTGCGGCCCT^GTCCT^GTCTGCCTCT^GACAAGGATCAGTTGGTGGCAG 840 



841 TGACCTACGCAGTGGTTACTCCCTTACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAG 

IIIMIII IMIIIMMIIIIIIMIIIIIIIIIMIIIIIIIIIIIjllllllllll 

841 TGACCTACACAGTGGTTACTCCCTTACTTAATCCTCTTGTCTACAGTCTGAGGAACAAAG 
901 AGGTAAAAACTGCATTGAAAAGAGTTCTTGGAATGCCTGTGGCAACCAAGATGAGCTAAC 

llllliiNlllllillllllllll|Jl|j||||ij|||||||j|||t|i|||||||||| 

901 AGGTAAAAACTGCATTGAAAAGAGTTCTTGGAATGCCTGTGGCAACCAAGATGAGCTAAC 

28 
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900 
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NOV4- 961 AAAAAATAATAATAAAATTAACTAGGATAGTCACAGAAGAAATCATU^GGCT^TAAAATTTT 1020 

IIMIIIIIIINIIIIItilNIIIIIIIIIIIIIIIIIMIMIIIllllllllllll 

NOV3: 961 AAAAAATAATAATAAAATTAACTAGGATAGTC7VCAGAAGAAATCAAAGGCATAAAATTTT 1020 

5 

NOV4- 1021 CTGACCTTTAATGCATGTCTCAGACAGTGTTTCCAAGGATTAAGACTACrCrTGCCTT^ 1080 

llllllllllllllllillllllllllllllllMllllllillMllilMllllilil 

NOV3: 1021 CTGACCTTTAATGCATGTCTCAGACAGTGTTTCCAAGGATTAAGACTACTCnTC 1080 

10 NOV4: 1081 TATTTTCTCC 1090 (SEQ ID NO. 7) 
llllllllll 

NOV3: 1081 TATTTTCTCC 1090 (SEQ ID NO. 5) 



15 



25 



40 



TABLE 19 



NOV4: 18 TLITDFVFQGFSSFHEQQITIiFGVPIALyiLTIAGNIIIVTIIRIDIJIIJITPMYT*PLS 77 
*+ ***★ * *+ ** +** **+ * *+ *+ +** ****** ** +* 

20 OLFR: 8 TWTQFILVGFSSLGEI.QLLIiFVIFIiIiLYLTILVANVTI^4AVIRFSWTIJ^TPMYGFIiFIL 67 

N0V4: 78 STSETVYTItVILPR^ILSSLVGMSQPMSLAGCATQMFFFVTFGlTNCFIJIiTAMGYDRYVAI 137 

* **+ ** **+*++* *+ ++ +** ****+**★+ * *** *+ ********* 
OLFR: 68 SFSESCYTFVIIPQIiliVHIOiSDTKTISIJIACATQLFFFLGFACTNCLLIAVMGYDRYVAI 127 



NOV4: 138 CNPLRYMVIMNKRIiRIQIiVLGACSIGLIVAITQVTSVFRLPFCA-RKVPHFFCDIRPVMK 196 

★+**** +*+**** ++*+ + + * +*+ • + + ** +* *+***+ **+* 
OLFR: 128 CHPLRYTLIINKRLGLELISLSGATGFFIALVATNLICDMRFCGPNRVNHYFCDMAPVIK 187 



30 NOV4: 197 LSCIDTTVNEXXXXXXXXXXXXXPMGLVFISYVLIISTILKIASVEGRKKAFATCASHLT 256 
*+* ** * * * *+ *** *4. + ***** * ** **** ******* 

OLFR: 188 LACTDraVKELALFSLSILVIMWFLLlLISYGFIVNTILKIPSAEG-K^ 246 

NOV4: 257 WIVHYSCASIAYLKPKSENTREHDQLISVTYTVITPLLNPVVYTLRNKEVKDALC^ 316 

35 (SEQ ID NO. 49) 

** *** **** **+***++ + **★++*** *+******+**+******* ** * +* 
OLFR: 247 WFVHYDCASIIYLRPKSKSASDKDQLVAVTYAVVTPLLNPLVYSLRNKEVKTALKRVLG 306 
(SEQ ID NO. 50) 

Where * indicates identity and + indicates similarity. 



Table 20 



N0V4 : 43 NVTIMAVIRFSWTLHTPMYGFLFILSFSESCYTFVIIPQLLVHLLSDTKTISLMACATQL 102 

GPCR: 2 NVLVCMAVSREKAX^TTTXJYLIVSLAVADLLVATLVMPWVVYLEW 61 

45 

NOV4: 103 FFFLGFACTNCLLIAVMGYDRYVAICHPLRYTLIIN-KRLGLELISLSGATGFFIALVAT 161 

GPCR: 62 TLDVmCTASILNLCAISIDRYTAVAMPiyLYNTRYSSKRRVTVMIAIVWVL^ 121 

N0V4: 162 NLICDMRFCGPNRVNHYFCDMAPVIKLACTDTHVKELALFSLSILVIMVPFLLI 221 

50 GPCR: 122 FGLNNTDQNEC IIANPAFWYSSIVSFYVPFIVTLLVYIK 161 

NOV4: 222 IVNTILKI 229 (SEQ ID NO. 51} 

GPCR: 162 lYIVLRRR 169 (SEQ ID NO. 46) 
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The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the im'tial steps of the olfactory signal transduction cascade. Accordingly, the NOV4 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
. to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV4 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in treating and/or diagnosing a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

NOV5 

A NOV5 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV5 nucleic acid and its encoded polypeptide mcludes the 
sequences shown in Table 21 . The disclosed nucleic acid (SEQ ID NO:9) is 822 nucleotides in 
length and contains an open reading frame (ORF) that begins at nucleotide 6 and ends with a 
TGA stop codon at nucleotides 800-802. In addition, C indicates 'G' to 'C substitutions in the 
sequence to correct stop codons, A representative ORF encodes a 265 amino acid polypeptide 
(SEQ ID NO: 10). A putative untranslated region downstream of the coding sequence is 
underlined in SEQ ID NO: 9. 

TABLE 21 

CACACCCCCATGTGCTTCTTCCTCTCCAAACTGTGCTCAGCTGACATCGGTTTCACCT 
TGGCCATGGTTCCCAAGATGATTGTGAACATGCAGTCGCATAGCAGAGTCATCTCTT 
ATGAGGGCTGCCTGACACGGATGTCTTTCTTTGTCCTTTTTGCATGTATGGAAGACAT 
GCTCCTGACTGTGATGGCCTATGACTGCTTTGTAGCCATCTGTCGCCCTCTGCACTAC 
CCAGTCATCGTGAATCCTCACCTCTGTGTCTTCTTCGTCTTGGTGTCCTTTTTCCTTAG 
CCCGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACTATTCACCATCATCAAGAA 
TGTGGAAATCACTAATTTTGTCTGTGAACCCTCTCAACTTCTCAACCTTGCTTGTTCT 
GACAGCGTCATCAATAACATATTCATATATTTCGATAGTACTATGTTTGGTTTTCTTC 
CCATTTCAGGGATCCTTTTGTCTTACTATAAAATTGTCCCCTCCATTCTAAGGATGTC 
ATCGTCAGATGGGAAGTATAAAGGCTTCTCCACCTGTGGCTCTTACCTGGCAGTTGT 
TTGCTCATTTGATGGAACAGGCATTGGCATGTACCTGACTTCAGCTGTGTCACCACC 

30 
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CCCCAGGAATGGTGTGGTGGCGTCAGTGATGTATGCTGTGGTCACCCCCATGCTGAA 
CCTTTTCATCTCAGCCTAGGAAAGAGGGATATACAAAGTGTCCTGCGGAGGCTGTGC 
AGCAGAACAGTCGAATCTCATGATATGTTCCATCCTTTTTCTTGTGTGGGTGA GAAA 
GGGCAACCACATTAAA (SEQ ID NO.: 9) 

5 

PMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRVISYEGCLTim 
VMAYDCFVAICRPLHYPVIVNPHLCWFVLVSFFLSPLDSQLHSWIVLLFra 
VCEPSQLLNLACSDSVINMFIYFDSTMFGFLPISGILLSYYKWPSILR^ 
TCGSYLAVVCSFDGTGIGMYLTSAVSPPPimGWASVMYAWTP]Vn.NLFIYSLGK^ 
10 QSVLRRLCSRTVESHDMFHPFSCVG (SEQ ID NO.: 10) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated svirface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV5 

15 ! nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

The NOV5 nucleic acid sequence has a high degree of homology (94% identity) with a 
human genomic clone cotaining an OR pseudogene (OLFR) (GenBank Accession 
No.:AF065864), as is shown in Table 22. The NOV5 polypeptide has homology (approximately 

20 67% identity, 79% similarity) to a hximan olfactory receptor (OLFR) (EMBL Accession 
No.:043789), as is shown in Table 23. Overall amino acid sequence identity within the 
mammalian OR family ranges fi-om 45% to >80%. OR genes that are 80% or more identical to 
each other at the amino acid level are considered by convention to belong to the same subfamily. 
See Dryer and Berghard, Trends in Pharmacological Sciences, 1999, 20:413. OR proteins have 

25 seven transmembrane a-helices separated by three extracellular and three cytoplasmic loops, 
with an extracellular amino-terminus and a cytoplasmic carboxy-terminus. Multiple sequence 
aligment suggests that the ligand-binding domain of the ORs is between the second and sixth 
transmembrane domains. NOV5 is predicted to have a seven transmembrane region, and is 
similar in that region to a representative GPCR, e.g, dopamine (GPCR) (GenBank Accession 

30 No. : P20288) as is shown in Table 24. 

TABLE 22 

NOV5: 1 CACACCCCCATGTGCTTCTTCCTCTCaU^ACTGTGCTOVGCTGACAT 60 

lllllllllllllllllllllllllllil lllllll IIIIIIIIIIIIIIMIIIIi 

35 OLFR: 136 CACACCCCCATGTGCITCTTCCTCTCCT^CCTGTGCTGGGCTGACATCGGTTTCACCTTG 195 
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NOV5 : . 


61 


gccatggttcccaagatgattgtgaacatgcagtcgcatagcagagtcatctcttatgag 
INI IIIIII IIIMIMMII MMMIIII MM IIMIMMMIIIIIIII 

GCCACGGTTCCTAAGATGATTGTGGACATGCAGTCTCATACCAGAGTCATCTCTTATGAG 


120 




OliFR ; 


196 


255 


5 


NOV5: 


121 


GGCTGCCTGACACGGATGTCTTTCTTTGTCCTTTTTGCATGTATGGAAGACATGCTCCTG 

1 MM i Mill Ml III IIMMM MMIMMMMIMI 111111111111111 


180 




OLFR: 


256 


•'*•'••••»••■'» ••ti»i»i •ifiiiiiiiiiiiiii iiiiiiiiiijiiii 

GGCTGCCTGACACGGATATCTTTCTTGGTCCTTTTTGCATGTATAGAAGACATGCTCCTG 


315 


10 


NOV5: 


181 


ACTGTGATGGCCTATGACTGCTTTGTAGCCATCTGTCGCCCTCTGCACTACCCAGTCATC 

M H M M M II 1 M M 1 M II II II M M M II II II M M M 1 M 1 II M M^ll 11 II 

ACTGTGATGGCCTATGACTGCTTTGTAGCCATCTGTCGCCCTCTGCACTACCCAGTCATC 


240 


OLFR: 


316 


375 




NOV5: 


241 


GTGAATCCTCACCTCTGTGTCTTCTTCGTCTTGGTGTCCTTTTTCCTTAGCCCGTTGGAT 


300 


15 


OIiFR: 


376 


NIMIIMMMMIIMMIIIIM t Mill i MMIMMMII IIIMII 

GTGAATCCTCACCTCTGTGTCTTCTTCCTTTTGGTATACTTTTTCCTTAGCTTGTTGGAT 


435 




NOV5: 


301 


TCCCAGCTGCACAGTTGGATTGTGTTACTATTCACCATCATCAAGJ\ATGTGGAAATCACT 

1 M M 1 M M M M 1 II 1 M II II M M M M M II 1 II II 1 M M II 1 1 1 1 II II II 

TCCCAGCTGCACAGTTGGATTGTGTTACAATTCACCATCATCAAGAATGTGGAAATCTCT 


360 


20 


OIiFR: 


436 


495 


NOV5: 


361 


AATTTTGTCTGTGAACCCTCTCAACTTCTCAACCTTGCTTGTTCTGACAGCGTCATCAAT 
M M II II 1 II II 1 1 1 1 M M 1 II 1 II 1 II 1 Mill II 1 1 II II II II II 1 1 1 M II 
AATTTTGTCTGTGACCCCTCTCAACTTCTCAAACTTGCCTGTTCTGACAGCGTCATCAAT 


420 




OIiFR: 


496 


555 


25 


NOV5: 


421 


AACATATTCATATATTTCGATAGTACTATGTTTGGTTTTCTTCCCATTTCAGGGATCCTT 

1 1 M 1 II 1 1 1 MUM II II II M M M 11 II II 1 M II 1 M II 1 M M M 1 1 1 1 1 1 

AGCATATTCATGTATTTCCATAGTACTATGTTTGGTTTTCTTCCCATTTCAGGGATCCTT 


480 




OIiFR: 


556 


615 


30 


NOV5: 
OLFR: 


481 
616 


TTGTCTTACTATAAAATTGTCCCCTCCATTCTAAGGATGTCATCGTCAGATGGGAAGTAT 

N M M M II M M II 1 II II II M 1 M 1 1 1 M 1 1 M 1 M M M 1 1 M 1 N 1 M 1 1 1 

TTGTCTTACTATAAAATCGTCCCCTCCATTCTAAGGATTTCATCATCAGATGGGAAGTAT 


540 
675 




NOV5: 


541 


AAAGGCTTCTCCACCTGTGGCTCTTACCTGGCAGTTGTTTGCTCATTTGATGGAACAGGC 

MM 1 II 1 II 1 M II M II M II II II i II II II i 1 M M Mil II 1 i M 1 II II 
• * * ' * ■ • ■ > 1 1 1 1 1 1 1 1 1 1 1 1 1 i II 1 1 1 1 1 1 1 1. 1 1 1 1 1 1 1 1111 1 1 1 1 1 1 1 1 1 1 1 

AAAGCCTTCTCCACCTGTGGCTCTCACTTGGCAGTTGTTTGCTGATTTTATGGAACAGGC 


600 


35 


OLFR: 


676 


735 


40 


NOV5: 
OLFR: 


601 
736 


ATTGGCATGTACCTGACTTCAGCTGTGTCACCACCCCCCAGGAATGGTGTGGTGGCGTCA 

Mini II 1 M M II 1 II M 1 II 11 M M i 1 II II II 1 II II 1 II M II 1 II IIIIII 

' ' ' ' ' I >'■' 1 1 ■ I > 1 > 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 

ATTGGCGTGTACCTGACTTCAGCTGTGTCACCACCCCCCAGGAATGGTGTGGTAGCGTCA 


660 
795 


NOV5: 


661 


GTGATGTATGCTGTGGTCACCCCCATGCTGAACCTTTTCATCTACAGCCTAGGAAAGAGG 

M M M II 1 M II 1 1 11 Ii II 1 II II M II M t II II II 1 II II II II 1 MM III 


720 




OLFR: 


796 


'■<*i'ii<iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiii III 

GTGATGTACGCTGTGGTCACCCCCATGCTGAACCTTTTCATCTACAGCCTGAGAAACAGG 


855 


45 


NOV5: 


721 


GATATACAAAGTGTCCTGCG6AGGCTGTGCAGCAGAACAGTCGAATCTCATGATATGTTC 

M IIIIMMM MIMIMMMI M M M M II M M 1 M II 1 M M 1 Mill 

GACATACAAAGTGCCCTGCGGAGGCTGCTCAGCAGAACAGTCGAATCTCATGATCTGTTC 


780 




OLFR: 


856 


915 


50 


NOV5: 
OLFR: 


781 
916 


CATCCTTT 788 (SEQ ID NO. 53) 

llllllll 

CATCCTTT 923 (SEQ ID NO. 54) 





TABLE 23 



NOV5: 7 PMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRVISYEGCLTRMSFFVLFACMEDML 186 

** **** * ****** ******+**+************+**********+****^* 

OLFR: 1 PMYFFLSNLSLADIGFTSTTVPKMIVDMQTHSRVISYEGCLTQMSFFVLFACMDDMLLSV 60 
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NOV5: 187 l^YDCFVAICRPLHYPVrvmPHLCVFFVIiVSFFLSPIiDSQriHSW 366 

**** ***** **** +*+** ** * +*+***+* ******+ *+* * *+*+*+*♦ 
OLFR: 61 MAYDRFVAICHPIlHYRIIMNPRIXX3FLIIiLSFFISIJiDSQIlH^^ 120 

5 

NOV5: 367 VCEPSQLLNLACSDSVINNIFIYFDSTl^fFGFLPISGIIjIiSyYKIVPSIIJlM 546 

*+*****+★ ***+ ** + *** +** ******* ****** ***+ +****** 
OIiFR: 121 FCDPSQLLHIiRCSDTFINEMVIYFMGAIFGCLPlSGIIiFSYYKIVSPILRVPTSDGKYKA 180 

10 NOV5: 547 FSTCGSYIiAWCSFIXSTGIGMYIiTSAVSPPPRNGWASVMyAVVTPMLNIiFIYSM 726 
******^***** * ***+ **+*** * ** +****** ******* ***** +** 
OIiFR: 181 FSTCGSHLAWCLFyGTGLVGYLSSAVLPSPRKSMVASVMYTVVTPMIiNPFIYSI^^ 240 

NOV5: 727 QSVLRRLCSRTVESHDMFHPFSCVG 801 (SEQ ID NO. 55) 

15 ***** * ++** + *** +* 

OLFR: 241 QSALCRLHGRIIKSHHL-HPFCYMG 264 (SEQ ID NO. 56) 

Where * indicates identity and + indicates similarity. 



TABLE 24 

20 NOV5: 1 PMCFFLSKIjCSADIGFTIiAMVPKMIVNMQSHSRVISYEGCLTRMSFFVIjF 60 
GPCR: 18 TTNYIirVSLAVADLIjVATLVMPWVVYIJSWGEWKFSRIHroiFVTIjDV^ 77 



25 



N0V5: 61 MAYDCFVAICRPLHYPVIVNPH 82 (SEQ ID NO. 57) 
GPCR: 78 ISIDRYTAVAMPMLYNTRYSSK 99 (SEQ ID NO. 58) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Thus, the NOV5 nucleic 
acid, polypeptide, antibodies and other compositions of the present invention can be used to 

30 detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV5 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions usefiil in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

35 compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

NOV6 

40 A NOV6 sequence according to the invention is a nucleic acid sequence encoding a 

polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
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(GPCR) superfamily of proteins. A NOV6 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 25. The disclosed nucleic acid (SEQ ID NO: 11) is 930 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 22-24 and ends with a TAA stop codon at nucleotides 907-909. In addition, C 
5 indicates 'G' to 'C substitutions in the sequence to correct stop codons. The representative ORF 
encodes a 294 amino acid polypeptide (SEQ ID NO: 12). Putative untranslated regions up- and 
downstream of the coding sequence are underlined in SEQ ID NO: 1 1 . 

10 TABLE 25. 

TTGCTGTCCCTGTCCCTGTCCA TGTATATGGTrArGGTnrTrTArTaA Arrrrtrr 
' CAGCATCCTGGCTGTCAGCTCTGACTCCCCGCTCCACACCCCCATGTGCTTCT 
TCCTCTCCAAACTGTGCTCAGCTGACATCGGTTTCACCTTGGCCATGGTTCCC 

1 5 AAGATGATTGTGAAC ATGCAGTCGCATAGCAGAGTCATCTCTTATGAGGGCT 
GCCTGACACGGATGTCTTTCTTTGTCCTTTTTGGATGTATGGAAGACATGCTC 
CTGACTGTGATGGCCTATGACTGCTTTGTAGCCATCTGTCGCCCTCTGCACTA 
CCCAGTCATCGTGAATCCTCACCTCTGTGTCTTCTTCGTCTTGGTGTCCTTTTT 
CCTTAGCCCGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACTATTCACCA 

20 TCATCAAGAATGTGGAAATCACTAATTTTGTCTGTGAACCCTCTCAACTTCTC 
AACCTTGCTTGTTCTGACAGCGTCATCAATAACATATTCATATATTTCGATAG 
TACTATGTITGGrrTTCTTCCCATTTCAGGGATCCTTTTGTCTTACTATAAAAT 
TGTCCCCTCCATTCTAAGGATGTCATCGTCAGATGGGAAGTATAAAGGCTTCT 
CCACCTGTGGCTCTTACCTGGCAGTTGTTTGCTCATTTGATGGAACAGGCATT 
25 GGCATGTACCTGACTTCAGCTGTGTCACCACCCCCCAGGAATGGTGTGGTGG 
CGTCAGtGATGTATGCTGTGGTCACCCCCATGCTGAACCTTTTCATACTCAGC 
CTeGGAAAGAGGGATATACAAAGTGTCCTGCGGAGGCTGTGCAGCAGAACA 
GTCGAATCTCATGATATGTTCCATCCTTTTTCTTGTGTGGGTGAGAAAGGGCA 
ACCACATTA AATCTCTACATCTGTAAATCCT (SEQ ID NO.: 1 1) 

30 

MYMVTVLRNLLSILAVSSDSPLHTPMCFFLSKLCSADIGFTLAMVPKMIVNMQSHSRVIS 
YEGCLTRMSFFVLFACMEDMLLTVO^YDCFVAICRPLHYPVIVNPHLCWFVLVSFFLS 
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PLDSQLHSWIVLLFTnKNVEITNFVCEPSQLLNLACSDSVINN^ 

SYYKIWSILRMSSSDGKYKGFSTCGSYLAVVCSFDGTGIGMYLTSAVSPPPRNGVASVM 
YAWTPMLNLFILSLGKIU)IQSVLR1U.CSRTVESHDMFHPFSCV (SEQ ID 

NO.: 12) 

5 The OR famUy of the GPCR superfamily is a group of related protems specifically 

located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV6 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

10 The NOV6 nucleic acid sequence has a high degree of homology (94% identity) with a 

human genomic clone cotaining an OR pseudogene (OLFR) (GenBank Accession 
! No.:AF065864), as is shown in Table 26. The N0V6 polypeptide has homology (approximately 
67% identity, 79% similarity) to a human olfactory receptor (OLFR) (EMBL Accession 
No.:043789), as is shown in Table 27. As shown in Table 28, the NOV6 polypeptide also has a 

1 5 high degree of homology (99% identity) with the NOV5 polypeptide. Overall amino acid 

sequence identity within the mammalian OR family ranges fi-om 45% to >80%. OR genes that 
are 80% or more identical to each other at the amino acid level are considered by convention to 
belong to the same subfamily. See Dryer and Berghard, Trends in Pharmacological Sciences, 
1999, 20:413. Thus, NOV5 and NOV6 belong to the same OR subfamily. 

20 OR proteins have seven transmembrane a-helices separated by three extracellular and 

three cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy- 
terminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 
between the second and sixth transmembrane domains. NOV6 is predicted to have a seven 
transmembrane region, and is similar in that region to a representative GPCR, e.g. dopamine 

25 (GPCR) (GenBank Accession No.: P20288) as is shown in Table 29. 

TABLE 26 

NOV6 : 10 ctgtccctgtccatgtatatggtcacggtgctgaggaacctgctcagcatcctggctgtc 69 

' MIIIIIIIMIMIIII llilllilillilllliilllllllll lllllllllllll 

30 OLFR: 58 ctgtccctgtccatgtatctggtcacggtgctgaggaacctgctcatcatcctggctgtc 117 
NOV6: 70 agctctgactccccgctccacacccccatgtgcttcttcctctccaaactgtgctcagct 129 

iiiiiiiii III iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiii III 

35 OLFR: 118 agctctgacccccacctccacacccccatgtgcttcttcctctccaacctgtgctgggct 177 

35 
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gacatcggtttcaccttggccatggttcccaaga tgat tgtgaacatgcagt cgcat acre 189 

lillllllilllMlllillM IIIIM IIMIIIMIII llllllilll III! I 

gacatcggtttcaccttggccacggttcctaagatgattgtggacatgcagtctcatacc 237 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



NOV6i 



OLFR: 



N0V6: 



190 agagtcatctcttatgagggctgcctgacacggatgtctttctttgtcctttttgcatot 249 

IMIIIMIIIMIIIIIMIIIIMIMIIIIII MIMIII IIMIMIMIIIM 

238 agagtcatctcttatgagggctgcctgacacggatatctttcttggtcctttttgcatgt 297 



250 atggaagacatgctcctgactgtgatggcctatgactgctttgtagccatctgtcgccct 309 

mpp I' MIlllllllllllllMIMIlllllillMIIIIIIIIIIIIIIIIIIIIIIiii 

oiiFR: 298 atagaagacatgctcctgactgtgatggcctatgactgctttgtagccatctgtcgccct 357 



NOV6: 310 



OLFR: 358 



N0V6: 370 



OLFR: 418 



NOV6 : 
OliFR: 

NOV6 ; 
OLFR: 

NOV6 : 
OLFR: 

NOV6 : 
OLFR: 

NOV6 : 
OLFR: 

NOV6: 
OLFR: 

NOV6: 
OLFR: 



430 



478 



490 



538 



ctgcactacccagtcatcgtgaatcctcacctctgtgtcttcttcgtcttggtgtccttt 369 

NIIIIIUIINIMIIIIIIIIIIIIilMlllillllNIII I Mill I INI 

ctgcactacccagtcatcgtgaatcctcacctctgtgtcttcttccttttggtatacttt 417 



ttccttagcccgttggattcccagctgcacagttggattgtgttactattcaccatcatc 429 

Nlliilll lllllliillllllllllllillllMllllllll IIIIIIIMIIII 

ttccttagcttgttggattcccagctgcacagttggattgtgttacaattcaccatcatc 477 



aagaatgtggaaatcactaattttgtctgtgaaccctctcaacttctcaaccttqcttcrt 489 

iiiiiiiiiiiiiii iiiiiiiiiiiiiiii iiiiiMiiiiiiiiii mil III 

aagaatgtggaaatctctaattttgtctgtgacccctctcaacttctcaaacttgcctgt 537 
tctgacagcgtcatcaataacatattcatatatttcgatagtactatgtttggttttctt 549 

IlillllllMII Illllllll llllll lllllllllllllllllllllll 

tctgacagcgtcatcaatagcatattcatgtatttccatagtactatgtttggttttctt 597 



550 cccatttcagggatccttttgtcttactataaaattgtcccctccattctaaggatgtca 

^ INIIIIIIIIIIIINIMIIMIIIillillil iMI.NIIIIIIIIIMIII III 

598 cccatttcagggatccttttgtcttactataaaatcgtcccctccattctaaggatttca 



609 



657 



610 tcgtcagatgggaagtataaaggcttctccacctgtggctcttacctggcagttgtttCTc 669 

II miiiiiiiiiiiiiiii iiiiiiiiiiiiiiiiiii II iiiiiiiiiiiiii 

658 tcatcagatgggaagtataaagccttctccacctgtggctctcacttggcagttgtttgc 717 
670 tcatttgatggaacaggcattggcatgtacctgacttcagctgtgtcaccaccccccagg 729 

I INI lllllllllllllllll lllllllllllllllllllllllllllllllllll 

718 tgattttatggaacaggcattggcgtgtacctgacttcagctgtgtcaccaccccccagg 777 

730 aatggtgtggtggcgtcagtgatgtatgctgtggtcacccccatgctgaaccttttcata 789 

lllllllllll llliilMlllill lllllllllllllillllllllllllllllll 

778, aatggtgtggtagcgtcagtgatgtacgctgtggtcacccccatgctgaaccttttcatc 837 



790 



838 



ctcagcctgggaaagagggatatacaaagtgtcctgcggaggctgtgcagcagaacagtc 849 

lliilll Mil iilll liillilllt llllilillllll lllllllllllll 

tacagcctgagaaacagggacatacaaagtgccctgcggaggctgctcagcagaacagtc 897 

36 
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NOV6: 850 gaatctcatgatatgttccatccttt 875 (SEQ ID NO. 59) 

llllllllllll illllllllllli 
5 OliFR: 898 gaatctcatgatctgttccatccttt 923 (SEQ ID NO. 60) 

TABLE 27. 

NOV6- 7 PMCFFl>SKI.CSADIGFTIJW^KMIVNMQSHSRVISy^;GCLTRMSFFV^ 186 

**♦* * **♦♦♦♦ ******+**+************+**********+****+* 
10 OliFR: 1 PMyFFI^NI>SI^IGFTSTTVPKMIVDMQTHSRVISYEGCLTQMSFFVLFACMDD^^ 60 

NOV6- 187 MAYDCFVAIO^PIiHYPVIWPHI/irVFFVLVSFFLSPIJJSQIJISWIVXiFTIIK^ 366 

♦**♦ ***** **♦♦ +*+♦♦ *♦ * +*+***+* ♦*♦***+ ♦+* * *+*+*+** 
OliFR: 61 MAyDRFVAICHPLHYRIIMNPRLCGFI.ILLSFFISLIJ)SQIJINI,IMWI.TCFK^ 120 

N0V6- 367 VCEPSQLIJ^LACSDSVINNIFiyFDSTMFGFLPISGILLSYYKIVPSIIiRMSSSDGKYKG 546 

*+*****+* ***+ *♦ + *** +** ******* ****** ***+ +****** 
OLFR: 121 FCDPSQLLHLRCSDTFINEMVIYFMGAIFGCLPISGILFSYYKIVSPILRVPTSDGKYKA 180 

20 NOV6: 547 FSTCGSYIiAWCSFDGTGIGMYLTSAVSPPPRNGWASVMYAVVTP^ttlNLFIYSU5KRDI 726 



30 



******+***** * ***+ ♦*+*** ♦ 



** +****** ******* ***** +** 



OLFR: 181 FSTCGSHIAWCLFYGTGLVGYLSSAVLPSPRKSMVASVMYTWTPMIJaPFIYSI^^ 240 
N0V6: 727 QSVLRRLCSRTVESHDMFHPFSCVG 801 (SEQ ID NO, 61) 

25 ***** * ++♦* + **♦ +* 

OliFR: 241 QSALCRLHGRIIKSHHIi-HPFCYMG 264 (SEQ ID NO. 62) 

Where * indicates identity and + indicates similarity. 



TABLE 28 

NOV6: 25 PMCFFIiSKI.CSADIGFTIlA^WPKMIVNMQSHSRVISyE^ 84 



******************************************************* 



NOV5: 1 PMCFFLSKIiCSADIGFTIAMVPKMIVNMQSHSRVISYEGCLTRMSFFVLFACMED 60 

35 NOV6- 85 MAYDCFVAICRPIJrfPVIWPHLCXXXXXXXXXXXXXXXQLHSWIVIiLFTIIK^ 144 
************************************************************ 
NOV5: 61 MAYDCFVAICRPIiHYPVIWPHLCVFFNn^VSFFTiSPLDSQIiHSWIVIiLFTIIK^ 120 

N0V6- 14 5 VCEPSQLLNIiACSDSVINNIFIYFDSTMFGFIiPISGIIiLSYYKIVPSILR^ 204 
40 ************************************************************ 

NOV5: 121 VCEPSQLI.^^aACSDSVINNIFIYFDSTMFGFLPISGILLSYYKIVPSIUy^ 180 

NOV6: 205 FSTCGSYIAWCSFDGTGIGMYLTSAVSPPPRNG-VASVl^AVVTPMIiNLFILSLGKRDI 263 
********************************** ***************** ******* 
45 NOV5: 181 FSTCGSYZJWVCSFDGTGIGMYLTSAVSPPPRNGWASVMYAVVTPMIJ^ 240 

NOV6: 264 QSVLRRLCSRTVESHDMFHPFSCVG 288 (SEQ ID NO. 63) 

************************* 
NOV5: 241 QSVLRRLCSRTVESHDMFHPFSCVG 265 (SEQ ID NO. 10) 

50 Where * indicates identity. 
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TABLE 29 

NOV6: 9 ^^LSIIAVSSDSPIJrrPMCFFLSKLCSADIGFTlAMVPKMlVNMQSHSRVISyEGCLTRM 68 

GPCR: 2 NVLVCMAVSREKALQTTTNYBIVSIAVADLLVATIAmPWVW 61 

NOV6: 69 SFPVLFACMEDMLLTVMAYDCFVAICRPIJiyPVIWPHLCVFFVLVSFFLSPLDSQiasW 128 

GPCR: 62 TLDVMMCTASILNLCAISIDRYTAVAMPMLYNTRYSSKRRV- tVM 105 

NOV6: 129 rVTiFTIIKNVKITNFVCEPSQLLNLACSDSVINNIFIYFDSTMFGFLPISGILLSyYKI 188 

GPCR: 106 IArVWVLSFTISCPMLFG---LNNTDQNECIIANPAFVVYSSIVSFYVPPIVTLLVyiKI 162 

NOV6: 189 VPSILRMSSS 198 (SEQ ID NO. 65) 

GPCR: 163 YIVLRRRRKR 172 (SEQ ID NO. 66) 



The OR family of the GPCR superfamily is a group of related proteins specificaUy 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV6 

20 nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV6 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 

25 members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and woimd healing. 

30 NOV7 

A NOV7 sequence according to the invention is a nucleic acid sequence encoding a 
.polypeptide related to the human odprant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV7 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 30. The disclosed nucleic acid (SEQ ID NO:13) is 930 nucleotides in 

35 length and contains an open reading frame (ORF) that begins with an ACG initiation codon at 
nucleotides 10-12 and ends with a TGA stop codon at nucleotides 882-884. In addition, C 
mdicates 'G' to 'C substitutions in the sequence to correct stop codons. The representative ORF 
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encodes a 309 amino acid polypeptide (SEQ ID NO: 12). Putative untranslated regions up- and 
downstream of the coding sequence are underlined in SEQ ID NO: 1 3 



TABLE 30. 

5 CACAGAGCC ACGGAATCTCACAGGTGTCTCAGAATTCCTCCTCCTGGGACTCTCAGA 
GGATCCAGAACTGCAGCCGGTCCTCGCTTTGCTGTCCCTGTCCCTGTCCATGTATCTG 
GTCACAGTGCTGAGGAACCTGCTCAGCATCCCGGCTGTCAGCTCTGACTCCCACCTC 
CACACCCCCACGTACnrCTTCCTCTCCATCCTGTGCTGGGCTGACATCGGTTTCACCT 
CGGCCACGGTTCCCAAGATGATTGTGGACATGCAGTGGTATAGCAGAGTCATCTCTC 

1 0 ATGCGGGCTGCCTGACACAGATGTCTTTCTTGGTCCTTTTTGCATGTATAGAAGGCAT 
GCTCCTGACTGTAATGGCCTATGACTGCTTTGTAGGCATCTATCGCCCTCTGCACTAC 
CCAGTCATCGTGAATCCTCATCTCTGTGTCTTCTTTGTTTTGGTGTCCTTTTTCCTTAG 
CCTGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACAATTCACCATCATCAAGAA 
TGTGGAAATCTCTAATTTTGTCTGTGACCCCTCTCAACTTCTCAAACTTG CCTCT TAT 

1 5 GACAGCGTCATCAATAGCATATTCATATATTTCGATAGTACAATGTTTGGTTTTCTTC 
' CTATTTCAGGGATCCTTTCATCTTACTATAAAATTGTCCCCTCCATTCTAAGGATGTC 
ATCGTCAGATGGGAAGTATAAAACTTTCTCCACCTATGGCTCTCACCTAGCATTTGTT 
TGCTCATTTTATGGAACAGGCATTGACATGTACCTGGCTTCAGCTATGTCACCAACC 
CCCAGGAATGGTGTGGTGGTGTCAGTGATGTAAGCTGTGGTCACCCCCATGCTGAAC 

20 rTTTTrATrTArArTCCTGA GAAACAGGGACATACAAAGTGCCCTGCGGAGGCTGCG 
CAGCAGAAC (SEQ ID NO.: 13) 

TEPRNLTGVSEFLLLGLSEDPELQPVLALLSLSLSMYLVTVLRNLLSIPAVSSDSHLHTPT 
YFFLSILCWADIGFTSATVPKMWDMQWYSRVISHAGCLTQMSFLVLFACIEGMLLTVM 
25 AYDCFVGIYRPLHYPVIWPHLCVFFVLVSFFLSLLDSQLHSWIVLQFTnKNYEISNFVCD 
PSQLLKLASYDSVINSinYFDSTMFGFLPISGILSSYYKIVPSILRMSSSDGKYKTFSTYGS 
HLAFVCSFYGTGIDMYLASAMSPTPIWGVWSVMXAVVTPMLNLFIYSLiysiRDIQSALR 

RLRSR (SEQ ID NO.: 14) 

30 

The OR family of the GPCR superfamily is a groiqp of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. The NOV7 nucleic acid, 
. polypeptide, antibodies and other compositions of the present invention can be used to detect 

35 nasal epithelial neuronal tissue. 

The NOV7 nucleic acid sequence has a high degree of homology (94% identity) with the 
human genomic clone pDJ392al7 from chromosome 1 1 (CHRl 1) (GenBank Accession 
No.:AC000385), as is shown in Table 31 . The NOV? polypeptide has homology (approximately 
68% identity, 78% similarity) to a human olfactory receptor (OLFR) CEMBL Accession 

40 No.:043789), as is shown in Table 32. 
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Overall amino acid sequence identity within the mammalian OR family ranges from 45% 
to >80%. OR genes that are 80% or more identical to each other at the amino acid level are 
considered by convention to belong to the same subfamily. See Dryer andBerghard, Trends in 
Pharmacological Sciences. 1999, 20:413. OR proteins have seven transmembrane a-helices 
5 separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 

NOV7 is predicted to have a seven transmembrane region, and is similar in that region to 
a representative GPCR, e.g, dopamine (GPCR) (GenBank Accession No.: P20288) as is shown 
10 in Table 33. 

TABLE 31> 

'^OVli 1 cacagagccacggaatctcacaggtgtctcagaattcctcctcctgggactctcagagga 60 

iilliiilllliiiiilillillllllll iiiiiiiiiiiii iiiiiiiiiiii 

I J CHRii: 126702 cacagagccacggaatctcacaggtgtctgagaattcctcctcctgggactctcagagga 126S43 



20 



30 



40 



45 



50 



NOV7: 61 tccagaactgcagccggtcctcgctttgctgtccctgtccctgtccatgtatctggtcac 120 

lillllllHIil lllllllllllillllllllllllllllllll 11 llllilllll 

CHRll : 126642 tccagaactgcagtcggtcctcgctttgctgtccctgtccctgtccctgaatctggtcac 126583 



NOV7: 121 agtgctgaggaacctgctcagcatcccggctgtcagctctgactcccacctccacacccc 180 

25 n™, lllllllllllllllllllllllll llllllllllllllllllll llllllllllil 

CHRll : 126582 ggtgctgaggaacctgctcagcatcctggctgtcagctctgactcccccctccacacccc 126523 



NOV7 : 181 cacgtacttcttcctctccatcctgtgctgggctgacatcggtttcacctcggccacggt 240 

^ li llllilllll INI Hi llllllllllil II III II II I llillllllllillll 

CHRll : 126522 catgtacttcttcctctccaacctgtgctgggctgacatcggtctcacctcggccacggt 126463 



NOV7: 241 tcccaagatgattgtggacatgcagtggtatagcagagtcatctctcatgcgggctgcct 300 

35 c^.. ' Illlllllllllll lllllllll 

J J t^ll : 126462 tcccaaggtgattctggatatgcagtcgcatagcagagtcatctctcatgtgggctgcct 126403 



NOV7: 301 gacacagatgtctttcttggtcctttttgcatgtatagaaggcatgctcctgactgtaat 360 

^ IMIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIllllMlliiiiiiiiiiiiiii II 

CHRll: 126402 gacacagatgtctttcttggtcctttttgcatgtatagaaggcatgctcctgactgtgat 126343 

NOV7: 361 ggcctatgactgctttgtaggcatctatcgccctctgcactacccagtcatcgtgaatcc 420 

_ II III IIMIIIIIIIIIIIIIII IIIIIIIIIIIII lllllllll II llllilll 

CHRll : 126342 ggcctatggctgctttgtagccatctgtcgccctctgcactacccagtcatagtgaatcc 126283 

NOV7: 421 tcatctctgtgtcttctttgttttggtgtcctttttccttagcctgttggattcccagct 480 

III INIIIIIIIIIII lllllllllllliillllilll llllllllllllllilll 

camil: 126282 tcacctctgtgtcttcttcgttttggtgtcctttttccttaacctgttggattcccagct 126223 
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gcacagttggattgtgttacaattcaccatcatcaagaatgtggaaatctctaattttgt 540 

IllllllllllllllllllllUilllllllllllllilllllllllliltlllltll I 

CHRll: 3.26222 gcacagttggattgtgttacaattcaccatcatcaagaatgtggaaatctctaatttttt 126163 



10 



15 



20 



25 



30 



35 



NOV7: 541 ctgtgacccctctcaactcctcaaacttgcctcttatgacagcgtcatcaatagcatatt 600 

llllllllliillll llllllll.lllllli II llllllllllllllllllllllll 

CHRll: 126162 ctgtgacccctctcagcttctcaaccttgcctgttctgacagcgtcatcaatagcatatt 126103 

NOV7: 601 catatatttcgatagtacaatgtttggttttcttcctatttcagggatcctttcatctta 660 

lililillllilllllll lllllllllllllllll llllilllllllllll Mill 

CHRll: 126102 catatatttcgatagtactatgtttggttttcttcccatttcagggatccttttgtctta 126043 

NOV7 : 661 ctataaaattgtcccctccattctaaggatgtcatcgtcagatgggaagtataaaacttt 720 

liiiiiiiiiiiliiiiililiiiiiiliilllliiiiiiiiiiililiiiiiil I II 

CHRll: 126042 ctataaaattgtcccctccattctaaggatgtcatcgtcagatgggaagtataaagcctt 125983 
NOV7: 721 ctccacctatggctctcacctagcatttgtttgctcattttatggaacaggcattgacat 780 

iiiiiiiiiiiiiiiiiiiiiii I iiiiiiiii iiiiiiiiiiiil iiiii III 

CHRll: 125982 ctccacctatggctctcacctaggagttgtttgctggtt ttatggaacagtcattggcat 125923 
NOV7: 781 gtacctggcttcagctatgtcaccaacccccaggaatggtgtggtggtgtcagtgatgta 840 

llllllllliillll iiiiiiii iliiiiiiiiiiiliiiiiii iiiiiiiiiii 

CHRll: 125922 gtacctggcttcagccgtgtcaccaccccccaggaatggtgtggtggcatcagtgatgta 125863 
NOV7 : 841 agctgtggtcacccccatgctgaacct tttcatctacagcctgagaaacagggacataca 900 

.lllllilllllilllllllMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

CHRll: 125862 ggctgtggtcacccccatgctgaaccttttcatctacagcctgagaaacagggacataca 125803 
NOV7 : 901 aagtgccctgcggaggctgcgcagcagaac 930 (SEQ ID NO. 13) 

iiiiiiiiiiiiiiiiiiiliiiiiillii 

CHRll: 125802 aagtgccctgcggaggctgcgcagcagaac 125773 (SEQ ID NO. 68) 
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TABLE 32 



NOV7: 


179 


OliFR: 


1 


N0V7: 


359 


OLFR: 


61 


NOV7: 


539 


OLFR: 


121 


NOV7: 


719 


OLFR: 


181 


N0V7: 


899 


OLFR: 


241 



♦ ***** * ******* ********** +*♦*♦♦+ ♦**♦♦*** ***^* 

PiyryPFLSNLSLADlGFTSTivPKMIVDMQTHSRVISYEGCLTQMSPFVLFACMDDMLLSV 60 



359 MAYDCFVGIYRPLHYPVIVNPHLCVFFVLVSFFLSLLDSQLHSWIVLQFTIIKNVEISNF 53 8 
**** ** * **** ** * ^*+***^********^ ♦ 

61 MAYDRFVAICHPLHYRIIMNPRLCGFLILLSFFISLLDSQLHNLIMLQLTCFKDVDISNF 120 



******* * 



*** ***** ** *****^ **+**^ 



**** ** 



******* ****** 



******* *******A,** 



69) 



70) 



60 Where * indicates identity and + indicates similarity. 
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NOV7 : 44 NI*IiSIPAVSSDSHliHTPTyFFIiSIIjCW7miGFTSATVPKMIVDMQT^SRVISHAGCI.TQM 103 
GPCR: 2 JSrVLVCMAVSREKAIiQTTTNYLIVSIAVADLLVATLVMPVnAr^ 61 

5 NOV7: 104 SFLVLFACIEGMIOiTVMAYDCFVGIYRPLHYPVIVNPH 14X (SEQ ID NO. 71) 
GPCR: 62 TLDVl^CTASILNLCy^ISIDRYTAVAMPMLYlITRySSK 99 (SEQ ID NO.. 72) 

The OR family of the GPCR superfamily is a group of related proteins that are 
specifically located at the ciliated surface of olfactory sensory neurons in the nasal epithelium 

10 and are involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV7 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV7 satisfies a need in the art by providing new diagnostic or therapeutic 

15 I compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

20 

NOV8 

A NOV8 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOV8 nucleic acid and its encoded polypeptide includes the 
25 sequences shown in Table 34. The disclosed nucleic acid (SEQ ID NO: 15) is 994 nucleotides in 
length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
nucleotides 27-29 and ends with a TGA stop codon at nucleotides 969-971. The representative 
ORF encodes a 3 14 amino acid polypeptide (SEQ ID NO: 1 6). Putative untranslated regions up- 
' and downstream of the coding sequence are underlined in SEQ ID NO: 15. 

30 

TABLE 34. 

TGCAGCTAAAGTGCATTGTGTAAAAC ATGGGGGATGTGAATCAGTCGGTGGCCTCA 
GACTTCATTCTGGTGGGCCTCTTCAGTCACTCAGGATCACGCCAGCTCCTCTTCTCCC 
TGGTGGCTGTCATGTTTGTCATAGGCCTTCTGGGCAACACCGTTCTTCTCTTCTTGAT 
35 CCGTGTGGACTCCCGGCTCCATACACCCATGTACTTCCTGCTCAGCCAGCTCTCCCTG 
TTTGACATTGGCTGTCCCATGGTCACCATCCCCAAGATGGCATCAGACTTTCTGCGG 

42 
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GGAGAAGGTGCCACCTCCTATGGAGGTGGTGCAGCTCAAATATTCTTCCTCACACTG 
ATGGGTGTGGCTGAGGGCGTCCTGTTGGTCCTCATGTCTTATGACCGTTATGTTGCTG 
TGTGCCAGCCCCTGCAGTATCCTGTACTTATGAGACGCCAGGTATGTCTGCTGATGA 
TGGGCTCCTCCTGGGTGGTAGGTGTGCTCAACGCCTCCATCCAGACCTCCATCACCC 
5 TGCArriTCCCTACTGTGCCTCCCGTATTGTGGATCACTTCTTCTGTGAGGTGCCAGC 
CCTACTGAAGCTCTCCTGTGCAGATACCTGTGCCTACGAGATGGCGCTGTCCACCTC 
AGGGGTGCTGATCCTAATGCTCCCTCTTTCCCTCATCGCCACCTCCTACGGCCACGTG 
TTGCAGGCTGTTCTAAGCATGCGCTCAGAGGAGGCCAGACACAAGGCTGTCACCAC 
CTGCTCCTCGCACATCACGGTAGTGGGGCTCTTTTATGGTGCCGCCGTGTTCATGTAC 
10 ATGGTGCCTTGCGCCTACCACAGTCCACAGCAGGATAACGTGGTTTCCCTCTTCTAT 
AGCCTTGTCACCCCTACACTCAACCCCCTTATCTACAGTCTGAGGAATCCGGAGGTG 
TGGATGGCTTTGGTCAAAGTGCTTAGCAGAGCTGGACTCAGGCAAATGTGGTGACT. 
ACATAGAAACTfiCTGGTGAGA (SEQ ID NO.: 1 5) 



1 5 MGDVNQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLLGNTVLLFLIRVDSRLHTPMY 
FLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMS 
, YDRYVAVCQPLQYPVLMRRQVCLLMMGSSWVVGVLNASIQTSITLHFPYCASRIVDHF 
FCEVPALLKLSCADTCAYEMALSTSGSnLILMLPLSLIATSYGHVLQAVLSMRSEEARHK 
AVTTCSSHITVVGLFYGAAVFMYMWCAYHSPQQDKVn/SLFYSLVTPTLNPLIYSLKNP 

20 EVWMALVKVLSRAGLRQMC (SEQ ID NO.: 1 6) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated svirface of olfactory sensory nevirons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. N0V8 nucleic acids, 

25 polypeptides, antibodies, and other compositions of the present invention can be used to detect 
nasal epithelial neuronal tissue. 

The NOV8 polypeptide has homology (approximately 44% identity, 65% similarity) to 
the human olfactory receptor family 2 subfamily F, member 1 (OLFR) (EMBL Accession 
No.:NP 036501), as is shown in Table 35. TheNOVS polypeptide also has homology (44% 

30 identity, 65% similarity) to the rat olfactor receptor-like protein OLF3 (SwissProt Accession No.: 
Q13607), as is shown in Table 36. Overall amino acid sequence identity within the mammalian 
. OR family ranges from 45% to >80%. OR genes that are 80% or more identical to each other at 
the amino acid level are considered by convention to belong to the same subfamily. See Dryer 
and Berghard, Trends in Pharmacological Sciences. 1999, 20:413. OR proteins have seven 

35 transmembrane a-helices separated by three extracellular and three cytoplasmic loops, with an 
extraceUular amino-terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment 
suggests that the ligand-binding domain of the ORs is between the second and sixth 
transmembrane domains. N0V8 is predicted to have a seven transmembrane region, and is 
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similar in that region to a representative GPCR, e.g. dopamine 
No.: P20288) as is shown in TaWe 37. 



PCTAJSOl/01513 
(GPCR) (GenBank Accession 



TABLE 35 

NOV8: 1 MGDVNQSVASDFILVGLFSHSGSRQIiFSLVAVMFVIGLI^NTVLLFLIRVDSRLHTPMY 60 
** **+ *+***+*♦ * +* ** * **+*^. ***+********* 

OLFR: 1 MGTDNQTWSEFII,I/3I,SSDWDTRVSI.FVLFLV^nfVVTVLGNCLIVIJLIRI^ 60 

NOV8: 61 FLLSQI.SLFDIGCPM\rriPKMASDFIJlGEGATSyGG6AAQIFFLTLMQVAEGVLLVLMSY 120 

OLFR: 61 PFLTNLSLVDVSyATSVVPQLLAHFLAEHKAIPFQSCAAQLFFSLALGGIEFVLLAVMAY 120 

NOV8: 121 DRYVAVCQPLQYPVIJyiRRQVCLIJ^GSSWVVGVLNASIQTSITLHFPYCASRIVDHPFCE 180 
******* *+* ^* ^ ^^^^ ^ +**+** * * ++ +** ** 

OLFR: 121 DRYVAVCDALRYSAIMHGGLCARIAITSWVSGFISSPVQTAITFQLPMC3iNKPIDHlSCE 180 

NOV8.- 181 VPALLKLSCADTCAYEMaLSTSGVLIIJaPLSLIATSYGHVLQAVLSMRSEEARHKAVTT 240 
+ *+++*+* ** + *++ * +++** ** *+ ♦* +* * * *♦ * 

OLFR: 181 LIAVVRLACVr>TSSNEVTI^WSSIVIJ*^TPLCLVLLSYIQIISTILKIQSREGRKKAFHT 240 

NOV8: 241 CSSHITWGLFYGAAVFMYMVPCAYHSPQQDNWSLFYSLVTPTLNPLIYSLRNPEVWMA 300 
*+** + *** * ** *+ * + * ^ *+**+++** ***^.****** * 

OLFR: 241 CASHLTWALCYGVAIFTYIQPHSSPSVLQEKLFSVFYAILTPMLNPMIYSLRNKEVKGA 300 

NOV8: 301 LVKVL 305 (SEQ ID NO. 73) 
*+* 

OLFR: 301 WQKLL 305 (SEQ ID NO. 74) 

Where * indicates identity and + indicates similarity. 
TABLE 36 



NOV8: 27 MGDVNQSVASDFH.VGLPSHSGSRQLLFSLVAVMFVIGLLGNTVLLPLIRVDSRLHTPMY 206 
** **+ *+***+*♦ * +* ** * ***+********* 

OLFR: 1 MGTDNQTWVSEFILLGLSSDWDTRVSLFVLFLVMYWTVLGNCLIVLLIRLDSRLHTPMY 60 



NOV8: 207 FLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLM6VAEQVLLVLMSY 386 
* *+ *** *+ +*++ + ** * ^ ***+♦* * ^^^^ 

OLFR: 61 FFLTNLSLVDVSYATSWPQLLAHPLAEHKAIPFQSCAAQLFFSLALGGIEFVLLAVMAY 120 



NOV8: , 387 DRYVAVCQPLQYPVLMRRQVCLLMMGSSWWGVLNASIQTSITLHPPYCASRIVDHFFCB 566 
******* *+* ^* ^ ^^^^ ^ +**+** * * ++ +** ** 

OLFR: . 121 DRYVAVCDALRYSAIMHGGLCARLAITSWVSGPISSPVQTAITFQLPMCRNKFIDHISCE 180 

N0V8: 567 VPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLSMRSEEARHKAVTT 746 
+ *+++*+* **+*++ * +++*♦ ** *+ ** * * ** * 

OLPR: 181 IJWlVVRLACVDrsSNE\nriMVSSIVLLMTPLCLVLLSYIQIISTILKIOSREGRKKAFHT 240 

NOV8: 747 CSSHITWGLPYGAAVFMYMVPCAYHSPQQDNWSLFYSLVTPTLNPLIYSLRNPEVWMA 926 
*+**+*** * ** *+* *+ * + * *+ ^. *+**++^.** ***+***♦** » 

OLFR: 241 CASHLTWALCYGVAIFTYIQPHSSPSVLQEKLFSVFYAILTPMLNPMIYSLRNKEVKGA 300 
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NOV8: 927 LVKVLSR-AGL 956 (SEQ ID NO. 75) 
*+* + +** 

OLFR: 301 WQKLLWKFSGI. 311 (SEQ ID NO. 76) 

5 

Where * indicates identity and + indicates similarity. 



TABLE 37 



NOV8- 41 GimrtiFX.IRVDSraJn-PMYFLbSQLSLFDIGCPMVTIPKMASDFLRGBGATSYGGGAAQ 100 

10 GPCR: 1 GN\rt.VCMAVSREKAI«QTTTNYLIVSIAVADUArATI.VMPWVVYl.EWGEWKFSRIHm 60 

NOV8- 101 IFFLTU^GVAEGVLLVlWSyDRYVAVCQPLQYPVLM-RRQVCLLMMGSSWVVGVLNASIQ 159 

GPCR: 61 VTI,DVMMCTASIIJn.CAlSIDRYTAVAMPMLYNTRYSSKRRVTVMIAIVWVLSFTISCPM 120 

15 NOV8- 160 TSlTLHFPYCASRIVDHFFCEVPALLKLSCADTCAYEMALSTSGVLIbMLPLSLIATSYG 219 

GPCr': 121 LFGLNNTDW — ECIIA- -NPAFWYSSIVSPYVPFIVTLLVYI 160 



20 



NOV8: 220 HVLQAVLSMRSEEA 233 (SEQ ID NO. 77) 
GPCR: 161 KIYIVLRRRRKRVN 174 (SEQ ID NO. 78) 



The OR family of the GPCR superfamily is a group of related protems located at the 
ciliated surface of olfactory sensory neurons in the nasal epithelium. The OR family is involved 
in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV8 nucleic 
acid, polypeptide, antibodies and other compositions of the present invention can be used to 

25 detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV8 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and otiier 

30 compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
nevirogenesis, cancer and wound healing. 



NOV9 

35 ' A N0V9 sequence according to the invention is a nucleic acid sequence encoding a 

polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A N0V9 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 38. The N0V8 nucleic acid sequence (SEQ ID NO.: 15) was further 
analyzed by exon linking, and the resulting sequence was identified as NOV9. The disclosed 

40 nucleic acid (SEQ ID NO:17) is 994 nucleotides in length and contains an open reading firame 
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(ORF) that begins with an ATG initiation codon at nucleotides 28-30 and ends with a TAG stop 
codon at nucleotides 979-981. The representative ORF encodes a 317 amino acid polypeptide 
(SEQ ID NO; 18). Putative untranslated regions up- and downstream of the coding sequence are 
underlined in SEQ ID NO: 17. 

5 

TABLE 38. 

TGCAGCTA AAGTGCATTGTGTAAAACTA TGGGGGATnTfiAATrAr?Trr.r;TnQccTC 

AGACTTCATTCTGGTGGGCCTCTTCAGTCACTCAGGATCACGCCAGCTCCTCTTCTCC 

CTGGTGGCTGTCATGTTTGTCATAGGCCTTCTGGGCAACACCGTTCTTCTCTTCTTGA 

1 0 TCCGTGTGGACTCCCGGCTCCACACACCCATGTACTTCCTGCTCAGCCAGCTCTCCCT 
GTTTGACATTGGCTGTCCCATGGTtACCATCCCCAAGATGGCATCAGACTTTCTGCG 
GGGAGAAGGTGCCACCTCCTATGGAGGTGGTGCAGCTCAAATATTCTTCCTCACACT 
GATGGGTGTGGCTGAGGGCGTCCTGTTGGTCCTCATGTCTTATGACCGTTATGTTGCT 
GTGTGCCAGCCCCTGCAGTATCCTGTACTTATGAGACGeCAGGTATGTCTGCTGATG 

1 5 ATGGGCTCCTCCTGGGTGGTAGGTGTGCTCAACGCCTCCATCCAGACCTCCATCACC 
' CTGCATTTTCCCTACTGTGCCTCCCGTATTGTGGATCACTTCTTCTGTGAGGTGCCAG 
CCCTACTGAAGCTCTCCTGTGCAGATACCTGTGCCTACGAGATGGCGCTGTCCACCT 
CAGGGGTGCTGATCCTAATGCTCCCTCTTTCCCTCATCGCCACCTCCTACGGCCACGT 
GTTGCAGGCTGTTCTAAGCATGCGCTCAGAGGAGGCCAGACACAAGGCTGTCACCA 

20 CCTGCTCCTCGCACATCACGGTAGTGGGGCTCTTTTATGGTGCCGCCGTGTTCATGTA 

CATGGTGCCTTGCGCCTAGCACAGTCCACAGCAGGATAACGTGGTTTCCCTCTTCTA 

TAGCCTTGTCACCCCTACACTCAACCCCCTTATCTACAGTCTGAGGAATCCGGAGGT 

GTGGATGGCTTTGGTCAAAGTGCTTAGCAGAGCTGGACTCAGGCAAATGTGCATGAC 
TACATAG AAACTGCTGGTGAGA (SEQ ID NO.: 17) 

25 

MGDVNQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLLGNTVLLFLIRVDSRLHTPMY 
FLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLLVLMS 
YDRYVAVCQPLQYPVLMRRQVCLLMMGSSWVVGVLNASIQTSITLHFPYCASRIVDHF 
FCEVPALLKLSCADTCAYEMALSTSGVLILMLPLSLIATSYGHVLQAVLSMRSEEARHK 
30 AVTTCSSmTVVGLFYGAAVFMYMVPCAYHSPQQDNVVSLFYSLVTPTLNPLIYSLRNP 
• EVWMALVKVLSRAGLRQMCMTT (SEQ ID NO. : 1 8) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
35 involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV9 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

The NOV9 polypeptide has homology (approximately 44% identity, 65% similarity) to 
the human olfactory receptor family 2 subfamily F, member 1 (OLFR) (EMBL Accession 
40 No.:NP 036501), as is shown in Table 39. The NOV9 polypeptide also has a high degree of 



46 



BNSCXX^ID: <WO_0151632A3_IA> 



wo 01/051632 PCT/USOl/01513 
homology (99% identity) to the NOV8 polypeptide as shown in Table 40. Overall amino acid 

sequence identity within the mammalian OR family ranges from 45% to >80%. OR genes that 

are 80% or more identical to each other at the amino acid level are considered by convention to 

belong to the same subfamily. See Dryer and Berghard^ Trends in Pharmacological Sciences, 

5 1999, 20:413. Thus NOV8 and NOV9 belong to the same subfamily of ORs. 

OR proteins have seven transmembrane a-helices separated by three extracellular and 

three cytoplasmic loops, with an extracellular amino-terminus and a cytoplasmic carboxy- 

terminus. Multiple sequence aligment suggests that the ligand-binding domain of the ORs is 

between the second and sixth transmembrane domains. NOV9 is predicted to have a seven 

10 transmembrane region, and is similar in that region to a representative GPCR, e.g. dopamine 

(GPCR) (GenBank Accession No.: P20288) as is shown in Table 41. 



TABLE 39 

15 NOV9: 1 MGDVNQSVASDFILVGLFSHSGSRQLIiFSIiVAVMFVIGLLGNI^LFLIRVDSRIiHTPMY 60 

**+ -k^-k-k-k^-k* * +* ** * ** + *+ + + + *** + ********* 

OLFR: 1 MGTDNQTWSEFIIiLGLSSDWDTRVSLFVLFLVKITVA/TVLGNCIiIVIjLIRIjDSRI^ 60 

NOV9: 61 FliliSQLSLFDIGCPMVTIPKMASDFIiRGEGATSYGGGAAQIFFLTLMGVAEGVLLVIiMSY 120 
20 * *+ *** *+ +*++ + ** * + ***+** +* * *★* 

OLFR: 61 FFLTNIiSIiVDVSYATSVVPQIiLAHFLAEHKAIPFQSCAAQLFFSLTU^ 120 

NOV9 : 121 DRYVAVCQPLQYPVIiMRRQVCLIiMMGSSWVVGVIiNASIQTSITIiHFPYCM 180 

•k-kk^-kkk * + * +* +* + * +++ +**+** * * ++ +** ** 

25 OLFR: 121 DRYVAVCDALRYSAIMHGGLCARIiAITSWVSGFISSPVQTAITFQIiPMCRNKFIDHISCE 180 

NOV9: 181 VPALLKLSCADTCAYEMT^STSGVLIIiMLPLSLIATSYGHVIjQAVLS^ 240 

OLFR: 181 LLAVVRLACVDTSSNEVTIIWSSIVLLMTPLCLVLLSYIQIISTXLKIQSREGRKKAFHT 24 0 

30 

NOV9: 241 CSSHITVVGLPYGAAVF^^nWPCAYHSPQQDNVVSLFYSLVTPTLNPLIYSLRNPEVWMA 300 

-k^-k-k^-k-k-k * ** *+* * + * *+ + *+**+++** ***+****** ** * 

OLFR: 241 CASHLTVVALCYGVAIFTYIQPHSSPSVLQEKLFSVFYAILTPMLNPMIYSLRNKEVKGA 300 

35 ,NOV9: 301 LVKVL 305 (SEQ ID NO. 79) 

OLFR: 301 WQKLL 305 (SEQ ID NO. 80) 

Where * indicates identity and + indicates similarity. 



40 



TABLE 40 



NOV9: 1 MGDWQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLIXSNTVIiLFLIRVDSRLHTPMY 60 
********************************************************* 
45 NOV8: 1 M6DWQSVASDFILVGLFSHSGSRQLLFSLVAVMFVIGLLGNT\nJLFLIRVDSRLHTPI^ 60 

NOV9: 61 FLLSQLSLFDIGCPMVTIPKMZVSDFLRGEGATSYGGGAAQIFFLTLMGVAEGVLL^^ 120 
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**** *************************************** 

NOV8; 61 FLIiSQLSLFDIGCPlWtlPKMASDFIiRGEGATSYGGGAAQIFFLTLMGVAEGVIiLV^ 120 
NOV9: 121 DRYVAVCQPLQYPVLMRRQVCLLMMGSSWWGVIiNASIQTSITLHFPYCASRIVD^ 180 

5 ****************** * * **************************************** 

NOV8: 121 DRYVAVCQPLQYPVLMRRQVCIiLMMGSSWVVGVLNASIQTSITLHFPYCASRIVDHFFCE 180 

NOV9: 181 VPALIJCLSCyUDTCAYEmLSTSGVIiIIMIiPLSIiIATSYGH\^ 240 
******************************* ****************.^^**^^^^^^^^^ 

10 NOV8: 181 VPALIiKLSCADTCTVYmALSTSGVIillJ^PLSIilATSYGHVIiQAVLSMRSBBARH^ 240 

NOV9: 241 CSSHITWGIjFYGAAVFMYMVT>CAYHSPQQDNWSLFYSLVTPTLNPIiIYSLRNPEVW^ 300 
**********************************************^^^*^r*******^^^ 

NOV8: 241 CSSHITWGLFYGAAVFTm^PCAYHSPQQDlSrVVSLFYSIiVTPTLNPIilYSLRNPErV^^ 300 



15 



20 



30 



NOV9: 301 LVKVLSRAGLRQMCMTT 317 (SEQ ID NO . 17) 
************** 

NOV8: 301 LVKVLSRAGLRQMC 314 (SEQ ID NO. 15) 

Where * indicates identity. 



TABLE 41 

NOV9: 41 GKTVLLFLIRVDSRTiHTPMYFLLSQLSLFDIGCPMVTIPKMASDFLRGEGATSYGGGAAQ 100 
GPCR: 1 GNVLVC^aAVSREKALQTTTNYLIVSIiAVADLLVATLVMPWVVYIiEWGEWKFSRIHra 60 

25 NOV9: 101 lFFIiTIiMGVAEGVIj:jVIjMSYDRYVAVCQPIiQYPVIiM-RRQVCLLMMGSSWW 159 
GPCR: 61 VTLDVMMCTASILNLCAISIDRYTAVAMPMLYNTRYSSKRRVTVMIAIV^ 120 



NOV9: 160 TSITLHFPYCASRIVDHFFCEVPALIiKLSCADTCAYEMAIiSTSGVLILMLPLSLIATSYG 219 

GPCR: 121 IiFGIiNNTDQN ECIIA — NPAFWYSSIVSFYVPFIVTLLVYI 160 

NOV9: 220 HVLQAVLSMRSEEA 233 (SEQ ID NO. 83) 

GPCR: 161 KIYIVIiRRRRKRVN 174 (SEQ ID NO. 84) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
35 located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 

involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the NOV9 
nucleic acid, polypeptide, antibodies and other compositions of the present invention can be used 
to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
40 superfamily, NOV9 satisfies a need in the art by providing new diagnostic or therapeutic 

compositions usefiil in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are usefiil in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
45 neurogenesis, cancer and wound healing. 
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NOVIO 

A NOVIO sequence according to the invention is a nucleic acid sequence encoding a 
5 polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
(GPCR) superfamily of proteins. A NOVIO nucleic acid and its encoded polypeptide includes 
the sequences shown in Table 42. The disclosed nucleic acid (SEQ ID N0:19) is 1,077 
nucleotides in length and contains an open reading frame (ORF) that begins with an ATG 
initiation codon at nucleotides 31-33 and ends with a TAG stop codon at nucleotides 1,030- 
1 0 1 ,032. The representative ORF encodes a 3 1 8 amino acid polypeptide (SEQ ID NO:20). Putative 
untranslated regions up- and downstream of the coding sequence are underlined in SEQ ID NO: 
1 9." Exon linking was used to confirm the sequence. 



TABLE 42. 

15 CAGGTTCATTGACAAGGTCATACCAACCAGA TGAATCCAGCAAATCATTCCCAGGT 
GGCAGGATTTGTTCTACTGGGGCTCTCTCAGGTTTGGGAGCTTCGGTTTGTTTTCTTC 
ACTGTTTTCTCTGCTGTGTATTTTATGACTGTAGTGGGAAACCTTCTTATTGTGGTCA 
TAGTGACCTCCGACCCACACCTGCACACAACCATGTATTTTCTCTTGGGCAATCTTTC 
TTTCCTGGACTTTTGCTACTCTTCCATCACAGCACCTAGGATGCTGGTTGACTTGCTC 

20 TCAGGCAACCCTACCATITCCTTTGGTGGATGCCTGACTCAACTCTTCTTCTTCCACT 
TCATTGGAGGCATCAAGATCTTCCTGCTGACTGTCATGGCGTATGACCGCTACATTG 
CCATTTCCCAGCCCCTGCACTACACGCTCATTATGAATCAGACTGTCTGTGCACTCCT 
TATGGCAGCCTCCTGGGTGGGGGGCTTCATCCACTCCATAGTACAGATTGCATTGAC 
TATCCAGCTGCCATTCTGTGGGCCTGACAAGCTGGACAACTTTTATTGTGATGTGCCT 

25 CAGCTGATCAAATTGGCCTGCACAGATACCTTTGTCTTAGAGCTTTTAATGGTGTCTA 
ACAATGGCCTGGTGACCCTGATGTGTTTTCTGGTGCTTCTGGGATCGTACACAGCAC 
TGCTAGTCATGCTCCGAAGCCACTCACGGGAGGGCCGCAGCAAGGCCCTGTCTACCT 
GTGCCTCTCACATTGCTGTGGTGACCTTAATCTTTGTGCCTTGCATCTACGTCTATAC 
AAGGCCTTTTCGGACATTCCCCATGGACAAGGCCGTCTCTGTGCTATACACAATTGT 

30 CACCCCCATGCTGAATCCTGCCATCTATACCCTGAGAAACAAGGAAGTGATCATGGC 
CATGAAGAAGCTGTGGAGGAGGAAAAAGGACCCTATTGGTCCCCTGGAGCACAGAC 
CCTTACATTAGCAGAGGCAGTGACCTGAGAATCTGAAAGATGCTACAGGGTATTAG 
CAGAGGCAGTGACCTGAGAATCTGAAAGATGCTACAGGGTATTAG (SEQ ID N0.:19) 

35 MNPAl^SQVAGFVLLGLSQVWELRFVFFIVFSAVYFMTVVGNLLIVVIVTSDPHLHTT 
MYFLLGNLSFLDFCYSSITAPRMLVDLLSGNPTISFGGCLTQLFFFHFIGGIKIFLLTVMAY 
DRYIAISQPLHYTLIMNQTVCALLMAASWVGGFIHSIVQIALTIQLPFCGPDKLDNFYCD 
VPQLIKLACTDTFVLELLMVSNNGLVTLMCFLVLLGSYTALLVMLRSHSREGRSKALST 
CASHIAVVTLIFVPCIYVYTRPFRTFPMDKAVSVLYTTVTPMLNPAIYTLRNKEVI^^ 

40 KLWRRKKDPIGPLEHRPLH (SEQ ID NO.: 20) 
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The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
5 NOVl 0 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

The NOVIO polypeptide has homology (approximately 55% identity, 72% similarity) to 
the olfactory receptor MOR83 (OLFR) (EMBL Accession No.:BAA86125), as is shown in Table 
43. Overall amino acid sequence identity within the mammalian OR family ranges from 45% to 
10 >80%. OR genes that are 80% or more identical to each other at the amino acid level are 

considered by convention to belong to the same subfamily. See Dryer and Berghard, Trends in 
Pharmacological Sciences . 1999, 20:413. OR proteins have seven transmembrane a-helices 
' separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
15 ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
NOVIO is predicted to have a seven transmembrane region, and is similar in that region to a 
representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
Table 44. 

20 TABLE 43 



NOVlO : 


79 


MNPANHSQVAGFVLLGLSQVWELRFVFFTVFSAVYFMTVVGNLLIVVIVTSDPHLHTTMY 


258 






* * + + * *+ ♦**^. * * +** *+ * ^4r^^** **** * irlt 




OLFR: 


1 


MGALNQTRVTEFIFLGLTDNWVLEILFFVPFTVTYMLTLLGNFLIVVTIVFTPRLHN^ 


60 


NOVIO: 


259 


FLLGNLSFLDFCYSSITAPRMLVDLLSGNPTISFGGCLTQLFFFHPIGGIKIFLLTVMAY 


438 






* * if-kifk + ir -k^**^* * + ** * * k It *^ **** * ^* He -k * * * * 




OLFR: 


61 


FFLSNLSFIDICHSSVTVPKMLEGLLLERKTISFDNCIAQLFFLHLFACSEIFLLTIMAY 


120 


NOVIO: 


439 


DRYIAISQPLHYTLIMNQTVCALLMAASWVGGFIHSIVQIALTIQLPFCGPDKLDNFYCD 


618 










OLFR: 


121 


DRYVAICIPLHYSNVMN^5KVCVQLVFALWLGGTIHSLVQTFLTIRLPYCGPNIIDSYFCD 


180 


NOVlO : 


619 


VPQLIKLACTDTFVLELLMVSNNGLVTLMCFLVLLGSYTALLVMLRSHSREGRSKALS^ 


798 






** +* + ***+* ^ + *+*** *+ *** ^* 1r* * *** ****** 




OLFR: 


181 


VPPVIKLACTDTYLTGILIVSNS6TISLVCFLALVTSYTVILFSLRKKSAEGRRKALSTC 


240 


NOVlO : 


799 


ASHIAVVTLIFVPCIYVYTRPFRTFPMDKAVSVLYTIVTPMLNPAIYTLRNKEVI^4AMKK 


978 






**** * ***^+**** ^* *** **+***^*** ******^** *** 




OLFR: 


241 


SAHFMWTLFFGPCI FLYTRPDSS FS IDKWSVFYTWTPLLNPLI YTLRNEEVKTAMKH 


300 


NOVIO : 


979 


LWRRK 993 (SBQ ID NO. 85) 
* +* + 




OLFR: 


301 


LRQRR 3 05 (SEQ ID NO. 86) 





Where * indicates identity and + indicates similarity. 
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TABLE 44 

NOVIO: 41 GNIiLIWIVTSDPHIJJTTMYFLLGNLSFIiDFCYSSITAPI^njVDLLSGNPTISF^ 100 

GPCR: 1 GNVLVCMAVSREKAIKJTTTNYLIVSLAVADIJjVATLVMPWNn^ 60 

5 

NOVIO: 101 LFFFHFIGGIKIFLLTVMAYDRYIAISQPLHYTLIMNQ-TVCAIiLMAASWVGGFIHSIVQ 159 

GPCR: 61 VTIJ^VMMC^ASIIiNLCAISIDRYTAVAMPMLYlmiYSSKRRVTVMIAI^^^ 120 

NOVIO: 160 IALTlQLPFCGPDKLDNFYCTVPQLIKIiACTDTFVI^LLMVSNNGl,VTIiMCFL.VIJ^ 219 
10 GPCR: 121 LFGIiNNTDQNE CIIANPAFWY- -SSIVSFYVPFIVTLIiVYI 160 

NOVIO: 220 ALLVMLRSHSREGRSKA 236 (SEQ ID NO. 87) 
GPCR: 161 KIYIVLRRRRKRVNTKR 177 (SEQ ID NO. 88) 

1 5 The OR family of the GPCR superfamily is a group of related proteins specifically 

located at the ciliated sxirface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 

i 

NOVIO nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

20 Based on its relatedness to the known members of the OR family of the GPCR 

superfamily, NOVl 0 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 

25 diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

NOVll 

A NOVl 1 sequence according to the invention is a nucleic acid sequence encoding a 
30 polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
: (GPCR) superfamily of proteins. A NOVl 1 nucleic acid was discovered by exon linking analysis 
of NOV2 (SEQ ID NO.: 3). A NOVl 1 nucleic acid and its encoded polypeptide includes the 
sequences shown in Table 45. The disclosed nucleic acid (SEQ ID NO:21) is 1,012 nucleotides 
in length and contains an open reading frame (ORF) that begins with an ATG initiation codon at 
35 nucleotides 54-56 and ends with a TGA stop codon at nucleotides 984-986. The representative 
ORF encodes a 310 amino acid polypeptide (SEQ ID NO:22). Putative untranslated regions up- 
and downstream of the coding sequence are underlined in SEQ ID NO: 21. 
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TABLE 45. 

AAACACTTCTCCTAAACCATGAGCATTAACTTGATTTCCTCTGTCATAGGGATA Tf^g 
GAGACAATATAACATCCATCACAGAGTTCCTCCTACTGGGATTTCCCGTTGGCCCAA 
5 GGATTCAGATGCTCCTCTTTGGGCTCTTCTCCCTGTTCTACGTCTTCACCCTGCTGGG 
GAACGGGACCATACTGGGGCTCATCTCACTGGACTCCAGACTGCACGCCCCCATGTA 
CTTCTTCCTCTCACACCTGGCGGTCGTCGACATCGCCTACGCCTGCAACACGGTGCC 
CCGGATGCTGGTGAACCTCCTGCATCCAGCCAAGCCCATCTCCTTTGCGGGCCGCAT 
GATGCAGACCTTTCTGTTTTCCACTtTTGCTGTCACAGAATGTCTCCTCCTGGTGGTG 

1 0 ATGTCCTATGATCTGTACGTGGCCATCTGCCACCCCCTCCGATATTTGGCCATCATGA 
CCTGGAGAGTCTGCATCACCCTCGCGGTGACTTCCTGGACCACTGGAGTCCTTTTAT 
CCTTGATTCATCTTGTGTTACTTCTACCTTTACCCTTCTGTAGGCCCCAGAAAATTTA 
TCACTTTTTTTGTGAAATCTTGGCTGTTCTCAAACTTGCCTGTGCAGATACCCACATC 
AATGAGAACATGGTCTTGGCCGGAGCAATTTCTGGGCTGGTGGGACCCTTGTCCACA 

15 ATTGTAGTTTCATATATGTGCATCCTCTGTGCTATCCTTCAGATCCAATCAAGGGAAG 
TTCAGAGGAAAGCCTTCTGCACCTGCTTCTCCCACCrCTGTGTGATTGGACTCTTTTA 
TGGCACAGCCATTATCATGTATGTTGGACCCAGATATGGGAACCCCAAGGAGCAGA 
AGAAATATCTCCTGCTGTTTCACAGCCTCTTTAATCCCATGCTCAATCCCCTTATCTG 
TAGTCTTAGGAACTCAGAAGTGAAGAATACTTTGAAGAGAGTGCTGGGAGTAGAAA 

20 GGGCTTTATGA AAAGGATTATGGCATTGTGACTGACA (SEQ ID NO.: 21) 

MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYFFL 
SHLAVVDIAYACNTyPRMLV^^LLHPAKPISFAGRMMQTFLFSTFAVTECLLLVVMSYDL 
YVAJCHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEILA 
25 VLKLACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFCTCFSH 
LCVIGLFYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTLKRV 
LGVERAL (SEQ ID NO.: 22) 



30 The OR family of the GPCR superfamily is a group of related proteins specifically 

located at the ciliated surface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOVl 1 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

35 The NOVl 1 polypeptide has a high degree of homology (approximately 99% identity) to 

a human olfactory receptor (OLFR) (EMBL Accession No.:095047), as is shown in Table 46. 
The NOVl 1 polypeptide also has a high degree of homology (approximately 99% identity) to 
NOV2, as is shown in Table 47. Overall amino acid sequence identity within the mammalian OR 
family ranges from 45% to >80%. OR genes that are 80% or more identical to each other at the 

40 amino acid level are considered by convention to belong to the same subfamily. See Dryer and 
Berghard, Trends in Pharmacological Sciences. 1999, 20:413. Therefore, NOVl 1 and NOV2 are 
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two members of the same OR subfamily. OR proteins have seven transmembrane a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
5 NOVl 1 is predicted to have a seven transmembrane region, and is similar in that region to a 

representative GPCR, e.g, dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
Table 48. 



TABLE 46 

10 NOVll: 1 MGDNITSITEFLLIjGFPVGPRIQMIiLFGI*FSIiFyVFTLIiGNGTILGr.ISLDSRLHAPN^ 60 

******** *************************************************** 

OLFR: 1 MGDNITSIREFIOiLGFPVGPRIQlVOjLFGLFSLFYVFTIjIiGNGTILGLISIiDSRLH^ 6 0 

NOVll: 61 FLSHLAVVDIAYAO^TVPRMLVNIiLHPAKPISFAGRjyiMQTFL^ 120 

15 *********** ***************************************** ******** 

OLFR: 61 FLSHIiAVVDIAYACNTVPRMLVimLjHPAKPISFAGRI^QTFIiFSTFAV^ 120 

NOVll: 121 LYVAICHPIiRYIAIMTWRVCITIiAVTSWTTGVLLSLIHLVIiliLPLPFCRPQKIYHFF 180 
************************************************************ 
20 OLFR: 121 LYVAICTPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLliLPLPFCRPQKIYHFFCEI 180 
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NOVll: 181 LAVLKLACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFCTC 240 

********************************************************* ** 
OLFR: 181 lAVLKLACADTHINENMVLAGAISGLVGPLSTIVVSyMCILCAILQIQSREVQRKAFRTC 240 



241 FSHLCVIGLFYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 

********* ************************************************** 
241 FSHLCVIGLVYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFTJPP^^PLICSLRNSEVKOT 300 



NOVll : 
OLFR: 
NOVll : 
OLFR: 

Where * indicates identity. 



301 KRVLGVERAL 310 (SEQ ID NO. : 64) 
********** 

301 KRVLGVERAL 310 (SEQ ID NO. : 67) 
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TABLE 47 

NOVll: 1 MGDNITSITEFLLLGFPVGPRIQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYF 60 

******** *************************************************** 
NOV2: 1 MGDNITSIREFLLLGFPVGPRIQMLLFGLFSLFYVFTIiLGNGTILGLISLDSRLHAPMYP 60 

NOVll: 61 FLSHLAVVDIAYACam^PR^^^VNLLHPAKPISFAGRMMQTFLFSTFAVTECLLLV^ 120 

************************************************************ 
N0V2: 61 FLSHLAVVDIAYACNTVPRiyn^VNLLHPAKPISFAGRMMQTFLFSTFAVTECLL^ 120 



45 NOVll: 121 LYVAICTPLRYLAIiyriWVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 
************************************************************ 
NOV2: 121 LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHPFCEI 180 

NOVll: 181 LAVLKLACT^THINENMVIAGAISGLVGPLSTIVVSYMCILOVELQIQSREVQR^^ 240 
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N0V2: 181 lAVLKIACADTHINENMVLAGAISGLVGPLSTIWSYMCIL^ 240 
NOVll:241 FSHLCVIGLFYGTAIIMWGPRYGNPK^:QKKYIiLLFHSLFNP^^:.NPLICSLRNSEVK^ 300 

5 ***★★★*** *****************************4r***********<jt***«««*>« 

NOV2: 241 FSHIJCVI6LWGTAII^T^GPRyGNPKEQKKYLIiLFHSLFNPMIlNPLICSLRNSEy^^ 300 

NOV11;3 01 KRVLGVERAIi 310 (SEQ ID NO. : 22) 
********** 

10 NOV2: 301 KRVIiGVERAL 310 (SEQ ID NO.: 4) 

Where * indicates identity. 
TABLE 48 

NOVll: 53 RLHAPMYFFLSHIiAVVDIAYAOjm^RiyaJVN^ 112 
15 GPCR: 14 ALQTTTNYLIVSIAVADXiliVATLVMPWVVYIiEWGEWKFSRIHCDIPV^^ 73 

NOVll : 113 IjLVVMSYDLYVAICHPLRYIAIMTW-RVCITIiAVTSWTTGVI.IiSIjIHL^ 171 
GPCR: 74 NLCAISIDRYTAVAMPMLYNTRYSSKRRVTVMIAIVWVLSFTISCPMLFGLN^ 131 

20 J NOVll: 172 KIYHFFCEIIiAVLKIiACADTHINENlWLAGAISGLVGPLSTIVVSYMCILCAI^ 231 
GPCR: 132 -CIIANPAF WYSSIVSFYVPFIVTLLVyiKIYIVLRRRRKRV 173 
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NOVll: 232 VQRK 235 (SEQ ID NO. : 81) 
GPCR: 174 NTKR 177 (SEQ ID NO. : 82) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 

30 NOVl 1 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOVl 1 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions usefiil in the treatment of disorders associated with alterations in the expression of 

35 members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are usefiil in the treatment and/or diagnosis of a variety of 
dise&es and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and wound healing. 

40 NOV12 

A NOV 12 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant receptor (OR) family of the G-protein coupled receptor 
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(GPCR) superfamily of proteins. . A NOV 12 nucleic acid was discovered by exon linking 
analysis of NOV2 (SEQ ID NO.: 3). A NOV12 nucleic acid and its encoded polypeptide 
includes the sequences shown in Table 49. The disclosed nucleic acid (SEQ ID NO:23) is 1,014 
nucleotides in length and contains an open reading frame (ORF) that begins with an ATG 
5 initiation codon at nucleotides 55-57 and ends with a TGA stop codon at nucleotides 985-987. 
The representative ORF encodes a 310 amino acid polypeptide (SEQ ID NO:24). Putative 
imtranslated regions up- and downstream of the coding sequence are underlined in SEQ ID NO: 
23. 



10 TABLE 49. 

TAAACACTTCTCCTAAACCATGAGCATTAACTTGATTTCCTCTGTCATAGGGATA TG 
GGGGACAATATAACATCCATCACAGAGTTCCTCCTACTGGGATTTCCCGTTGGCCCA 
' AGGATTCAGATGCTCCTCTTTGGGCTCTTCTCCCTGTTCTACGTCTTCACCCTGCTGG 
GGAACGGGACCATACTGGGGCTCATCTCACTGGACTCCAGACTGCACGCCCCCATGT 

1 5 ACTTCTTCCTCTCACACCTGGCGGTCGTCGACATCGCCTACGCCTGCAACACGGTGC 
CCCGGATGCTGGTGAACCTCCTGCATCCAGCCAAGCCCATCTCCTTTGCGGGCCGCA 
TGATGCAGACCTTTCTGTTTTCCACTTTTGCTGTCACAGAATGTCTCCTCCTGGTGGT 
GATGTCCTATGATCTGTACGTGGCCATCTGCCACCCCCTCCGATATTTGGCCATCATG 
ACCTGGAGAGTCTGCATCACCCTCGCGGTGACTTCCTGGACCACTGGAGTCCTTTTA 

20 TCCTTGATTCATCTTGTGTTACTTCTACCTTTACCCTTCTGTAGGCCCCAGAAAATTT 
ATCACTTTTTTTGTGAAATCTTGGCTGTTCTCAAACTTGCCTGTGCAGATACCCACAT 
CAATGAGAACATGGTCTTGGCCGGAGCAATTTCTGGGCTGGTGGGACCCTTGTCCAC 
AATTGTAGTTTCATATATGTGCATCCTCTGTGCTATCCTTCAGATCCAATCAAGGGAA 
GTTCAGAGGAAAGCCTTCTGCACCTGCTTCTCCCACCTCTGTGTGATTGGACTCTTTT 

25 ATGGCACAGCCATTATCATGTATGTTGGACCCAGATATGGGAACCCCAAGGAGCAG 
AAGAAATATCTCCTGCTGTTTCACAGCCTCTTTAATCCCATGCTCAATCCCCTTATCT 
GTAGTCTTAGGAACTCAGAAGTGAAGAATACTTTGAAGAGAGTGCTGGGAGTAGAA 
AGGGCTTTATGA AAAGGATTATGGCATTGTGACTGACAA (SEQ ID NO.: 23) 

30 MGDMTSITEFLLLGITVGPWQMLLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYFFL 
SHLAWDIAYACNTVPRMLVNLLHPAmSFAGRMMQTFLFSTFAVTECLLLVVMSYDL 
YVAICHPLRYLAlMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFeRPQKIYHFFCEILA 
VLKLACADTHINENMVLAGAISGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFCTCFSH 
LCyiGLFYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTLKRV 

35 LGVERAL (SEQ ID NO.: 24) 



The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epitheliimi and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
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NOV 12 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

The NOV 12 polypeptide has a high degree of homology (approximately 99% identity) to 
a human olfactory receptor (OLFR) (EMBL Accession No.:095047), as is shown in Table 50. 
5 The NOV12 polypeptide also has a high degree of homology (approximately 99% identity) to 
NOV2, as is shown in Table 51 , Overall amino acid sequence identity within the mammalian OR 
family ranges from 45% to >80%. OR genes that are 80% or more identical to each other at the 
amino acid level are considered by convention to belong to the same subfamily. See Dryer and 
Berghard, Trends in Pharmacological Sciences , 1999, 20:413, Therefore, NOV12 and N0V2 are 

10 two members of the same OR subfamily. OR proteins have seven transmembrane a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains, 
NOV 12 is predicted to have a seven transmembrane region, and is similar in that region to a 

1 5 representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
Table 52. 

TABLE 50. 

NOV12: 1 MGDNITSITEFLIiliGFPVGPRIQMIiLFGLFSLFYVFTLLGNGTILGLISLDSRLHAPMYP 60 

20 ******** *************************************************** 

OLFR: 1 MGDNITSIREFLLLGFPVGPRIQI^LFGLFSLFYVFTLIiGNGTILGLISriDSRIJIAPiy^ 60 

NOV12: 61 FLSHlJVVVDlAYACNWPRMLVNIiliHPAKPISFAGRMMQTFLFSTFA^ X20 

****** *4- :Kr**** ************************* *A.*^^^^^^^^^^^^^^^^^^^ 

25 OLFR: 61 FLSHLAVVBIAYAOm^RMLVNLLHPAKPISFAGRMMQTPLFST 120 

NOV12: 121 LYVAlCHPIJiyLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFa^ 180 
**************************** *************^^^^^^^^^^^^^^^^^^^ 

OLFR: 121 LYVAICHPLRYLAIMTWRVCITLAVTSWTTGVLLSLIHLVLLLPLPFCRPQKIYHFFCEI 180 

NOV12: 181 LAVLKIlACADTHINE^^yIVLAGAXSGLVGPLSTIVVSYMCILCAILQIQSREVQRKAFCTC 240 
**************************************** *^^^^^^^^^^^^^^^^ 

^^if^J. lAVLKLACADTHI^NMVLAGAISGLVGPLSTIVVSYMCILCA^^ 240 

35 NOV12: 241 FSHLOTIGLFYGTAIIMYVGPRYGNPKEQKKYLLLFHSLFNPMLNPLICSLRNSEVKNTL 300 
********* ************************************************** 

OLFR: 241 FSHLCVIGLVyGTAIXMYVGPRYGNPKEQKKYLLLFHSLFl^MLNPLICSLRNSBVKOT 300 
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NOV12: 301 KRVLGVERAL 310 (SEQ ID NO.: 24) 
********** 

OLFR: 301 KRVLGVERAL 310 (SEQ ID NO.: 89) 

Where * indicates identity. 
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TABLE 51. 

NOV12: 1 MGDNITSITEFLLI^FPVGPRIQMIiLFGLFSLFYVFTLIXSNGTIIiGLISIJDS 60 

it-k-k-k**** ******************* ************************ ******** 

NOV2: 1 MGDNITSIREFiajjGFPVGPRIQMIiLFGLFSIiFyVFTLIiGNGTILGLISU^ 60 

N0V12: 61 FLSHl^VVDIAYACNTVPRMLVNIJIlHPAKPISFAGR^IMQTFIJFSTFAVTECI^ 120 
************************************************************* 

NOV2: 61 PLSHIiAVVDIAYACNTVPRMLVNLIiHPAKPISFAGR^ 120 

NOV12: 121 LYVAICHPIaRYIAIMTWRVCITI^VTSWTTGVIiLSLIHIjVLrjIiPI^ 180 

************************************************************ 
NOV2: 121 LYVAICHPLRYIAIMTWRVCITIoAVTSWTTGVIiLSIilHIiVLLLPLPFCRPQKIYHFFCEI 180 

15 NOV12: 181 LAVLKI^CADTHINENM\nAGAISGLVGPLSTIWSYMCrLCAII,QIQS 240 
********************************************************* ** 
NOV2: 181 lAVLKIjACAimilNENMVIiAGAISGLVGPLSTIWSyM 240 

NOV12: 241 FSHLCn^IGLFYGTAIIMYVGPRYGNPKEQKKYIiIjLFHSLFWPMIJ^rPIjICSL^ 300 

20 ********* ************************************************** 

NOV2: 241 FSHLCVIGLVYGTAIIMYVGPRYGNPKEQKKYLIjLFHSLFNPr^NPLICSljRNSEV^^ 3 00 

NOV12: 301 KRVLGVERAIi 310 (SEQ ID NO.: 24) 
********** 

25 N0V2: 301 KRVLGVERAL 310 (SEQ ID NO. : 4) 

Where * indicates identity. 
TABLE 52, 

NOV12 : 53 RIiHAPMYFFLSHLAVVDIAYACNTVPRl^VNIjLHPAKPISFAGRiy^ 112 
30 GPCR: 14 AliQTTTNYXjIVSIJVVADIJ^VATIiVMPWVVyLEWGEWKFSRIHCDIFV^ 73 

NOV12: 113 LLVVMSYDLYVAICHPIiRYIAIMTW-RVCITLAVTSWTTGVIiIiSLIHtiVLI^ 171 
GPCR: 74 NIiCAISIDRYTAVAMPMLYNTRYSSIOaiVTVMIArVWVLSFTISCPMLFGI^ 131 

35 NOV12: 172 KIYHFFCEIIAVDKIACyUDTHINENMVIiAGAISGLVGP 231 
GPCR: 132 -CIIANPAF WYSSIVSFYVPFIVTIjIjVYIKIYIVIiRRRRKRV 173 

N0V12: 232 VQRK 235 (SEQ ID NO.: 90) 
GPCR: 174 NTKR 177 (SEQ ID NO. : 91) 

40 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV 12 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
45 be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOVl 2 satisfies a need in the art by providing new diagnostic or therapeutic 



57 



BNSOOCID: <WO_0151632A3_IA> 



wo 01/051632 PCTAJSOl/01513 
compositions useful in the treatment of disorders associated with alterations in the expression of 
members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 
compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
5 neurogenesis, cancer and wound healing. 



NOV13 

A NOV13 sequence according to the invention is a nucleic acid sequence encoding a 
polypeptide related to the human odorant recq>tor (OR) family of the G-protein coupled receptor 
10 (GPCR) superfamily of proteins. A NOVl 3 nucleic acid and its encoded polypeptide includes 
the sequences shown in Table 53. The disclosed nucleic acid (SEQ ID NO:25) is 908 
nucleotides in length and contains an open reading frame (ORF) that begins with an ATG 
I initiation codon at nucleotides 75-77 and ends Avith a TAA stop codon at nucleotides 901-903. 
The representative ORF encodes a 270 amino acid polypeptide (SEQ ID NO:26). Putative 
1 5 untranslated regions up- and downstream of the coding sequence are underlined in SEQ ID NO: 
25. 



TABLE 53. 

TGTATCTGGTCACGGTGCTGAGGAACCTGCTCAGCATCCTGGCTGTCAGCTCTGACT 
20 CCCACCCCCACACACCCA TGTACTTCTTCCTrTrr A Ar.nTrTTrTpTrTnnrTr. A r ATr-Q 

GTTTCACCTTGGCCACGGTTCCCAAGATGATTGTGGACATGGGGTCGCATAGCAGAG 
TCATCTCTTATGAGGGCTGCCTGACACAGATGTCTTTCTTTGTCCTTTTTGCATGTAT 
AGAAGACATGCTCCTGACTGTGATGGCCTATGACCAATTTGTGGCCATCTGTCACCC 
CCTGCACTACCCAGTCATCATGAATCCTCACCTCTGTGTCTTCTTAGTTTTGGTTTCTT 

25 TTTTCCTTAGCCTGTTGGATTCCCAGCTGCACAGTTGGATTGTGTTACAATTCACCTT 
CTTCAAGAATGTGGAAATCTCTAATTTTTTCTGTGATCCATCTCAACTTCTCAACCTT 
GCCTGTTCTGACGGCATCATCAATAGCATATTCATATATTTAGATAGTATTCTGTTCA 
GTTTTCTTCCCATTTCAGGGATCCTTTTGTCTTACTATAAAATTGTCCCCTCCATTCTA 
AGAATTTCATCGTCAGATGGGAAGTATAAAGCCTTCTCCATCTGTGGGTCTCACCTG 

30 GCAGTTGTTTGCTTATTTTATGGAACAGGCATTGGCGTGTACCTAACTTCAGCTGTGT 
CACCACCCCCCAGGAATGGTGTGGTGGCGTCAGTGATGTATGCTGTGGTCACCCCCA 

tgctgaaccctttcatctacagcctgagaaacagggatatacaaagtgtcctgcgga 
ggctgtgcagcagaacagtcgaatctcatgatatgttccatcctttttcttgtgtggg 
tgagaaagggcaaccacattaaatctctacatctgtaaatcct (seq id no.: 25) 

35 

MYFFLSNLCWADIGFTLATVPKMIVDMGSHSRVISYEGCLTQMSFFVLFACIEDMLLTV 

MAYDQFVAICHPLHYPVIMNPHLCVFLVLVSFFLSLLDSQLHSWIVLQFTFFKNVEISNFF 

CDPSQLLNLACSDGIINSinYLDSILFSFLPISGILLSYYKrVPSILRISSSDGKYKAFSICGSH 
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LAWCLFYGTGIGVYLTSAVSPPPRNGVVASVMYAWTPMLNPFIYSLRN^ 
LCSRTVESHDMFHPFSCVGEKGQPH (SEQ ID NO.: 26) 



5 The OR family of the GPCR superfamily is a group of related proteins specifically 

located at the ciliated siirface of olfactory sensory neurons in the nasal epithelium and are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 
NOV 13 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

10 The NOVl 3 polypeptide has homology (approximately 73% identity, 83% similarity) to 

a human olfactory receptor (OLFR) (EMBL Accession No. :Q9UPJ1), as is shown in Table 54. 
Overall amino acid sequence identity within the mammalian OR family ranges from 45% to 
i >80%. OR genes that are 80% or more identical to each other at the amino acid level are 

considered by convention to belong to the same subfamily. See Dryer and Berghard^ Trends in 

1 5 Pharmacological Sciences, 1 999, 20:4 1 3 . OR proteins have seven transmembrane a-helices 
separated by three extracellular and three cytoplasmic loops, with an extracellular amino- 
terminus and a cytoplasmic carboxy-terminus. Multiple sequence aligment suggests that the 
ligand-binding domain of the ORs is between the second and sixth transmembrane domains. 
NOV 13 is predicted to have a seven transmembrane region, and is similar in that region to a 

20 representative GPCR, e.g. dopamine (GPCR) (GenBank Accession No.: P20288) as is shown in 
Table 55. 

TABLE 54 

25 NOV12: 1 ^T!fFFLSl^CWADIGFTIiATVPKMIVDMGSHSRVISYEGCLTQ^lSFFVIiFACIED^ 60 

-kfeir-k-k-k-k-k -k-k-k-k-k-k ********* ^* ******************** *^^.* *** ^* * 

1 MyFPr.SNLSLADIGFTSTWPKMIVDMQTHSRVISYEGCLTQMSFFVIiPAaTO 60 
AYDQFVAICHPIJjyPVIMNPHLCVFIjVLVSFFLSIilJDSQmSWIVIjQPTFFra^ 120 

30 *** + ********** 4.**** ** **^*^***^********^ *^** * **4.*4.***** 
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NOV12 : 


1 


OLFR: 


1 ] 


NOV12 : 


61 


OLFR: 


61 


NOV12 : 


121 


OLFR: 


121 


NOV12 : 


181 


OLFR: 


181 


NOV12 : 


241 



*******4.* *** ** ^ ** ^* ******* ****** ***^. +******** 



NOV12: 181 SICGSHLAVVCLFYGTGIGVYLTSAVSPPPRNGVVASVMYAVVTPMLNPFIYSLRKnUDI 240 
* ***************4 **4.*** * ** ^****** ***************^.*** 

181 STCGSmiAVVCLFYGTGLVGYLSSAVLPSPRKSMVASVKrrVVTPMLOTFIYSLRN^ 240 
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OLFR: 241 SALCRLHGRIIKSHHL-HPFCYMG 263 (SEQ ID NO.: 92) 

Where * indicates identity and + indicates similarity. 
5 TABLE 55 

NOV13: 1 lOTFFLSNLCWTODIGFTIiATVPKMIVDMGSHSRVISYEGCLTQMSFFVLFA 60 
GPCR: 19 TNYLIVSI^Vi^LLVATLVMPWVVYIjEWGEWKPSRIHCDIFVTIJ^ 78 

NOV13 : 61 AYDQFVAICHPIiHYPVIMNPHLCVFIiVIiVSFFLSIJJDSQIiHSWlVLQPT^ 119 
10 GPCR: 79 SIDRYTAVAMPMLYNTRYSSKRRVTVMIAIVWVLSF TISCPMLFGIiNNTDQNECI 133 

NOV13:120 FCDPSQLLNIiACSDGIINSIFIYr.DSILFSFIiPISGIIiLSYYKIVPSILRISSS 173 
(SEQ ID NO. : 93) 

GPCR: 134 lANPAFVV YSSIVSFYVPFIVTLLVYIKIYIVLRRRRKR 172 

15 (SEQ ID NO. : 94) 

The OR family of the GPCR superfamily is a group of related proteins specifically 
located at the ciliated surface of olfactory sensory neurons in the nasal epithelium that are 
involved in the initial steps of the olfactory signal transduction cascade. Accordingly, the 

20 NOVl 3 nucleic acid, polypeptide, antibodies and other compositions of the present invention can 
be used to detect nasal epithelial neuronal tissue. 

Based on its relatedness to the known members of the OR family of the GPCR 
superfamily, NOV 13 satisfies a need in the art by providing new diagnostic or therapeutic 
compositions useful in the treatment of disorders associated with alterations in the expression of 

25 members of OR family-like proteins. Nucleic acids, polypeptides, antibodies, and other 

compositions of the present invention are useful in the treatment and/or diagnosis of a variety of 
diseases and pathologies, including by way of nonlimiting example, those involving 
neurogenesis, cancer and woimd healing. 

30 Table 56 shows a multiple sequence alignment of NOVl -13 polypeptides with the known 

human olfactory receptor lOJl (GenBank Accession No.: P30954), indicating the homology 
between the present invention and known members of a protein family. 

TABLE 56, 



35 NOV4 MRGFNKT- -TWTQFIIiVGFSSLGELQ- -LLLFVIFLLLYXTIIiVANVTIMA 

NOV3 mGFNKT- -TVVTQFILVGFSSIjGELQ- -LLLFVIFIiLLYIiTIIiVANVTIMA 

OR_10 Jl MLLCFRFGNQSMKRENFTLITDFVFQGFSSFHEQQ- - ITLFGVFLAIjYIIjTIiAGNIIIVT 

NOVIO MNPANHSQVAGFVLLGLSQVWELR- -FVFFTVFSAVYFMTWGI^I.IiIVV 

NOV12 MGDNITSIT-EFLLLGFPVGPRIQ--MLLFGLFSIiFYVFTLLGN6TILG 

40 NOVll MGDNITSIT-EFLLLGFPVGPRIQ- -MLLFGIiFSLFYVFTLLGNGTIIiG 

NOV2 MGDNITSIR-EFLLLGFPVGPRIQ- -MLIiFGLFSLFYVFTLLGNGTILG 
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NOV9 MGDWQSVASDFILVGLFSHSGSR- -QLIiFSIiVAVMFVIGIJJGNTVIiLF 

NOV8 MGDVNQSVASDFIIiVGLFSHSGSR- - QLLFSLVAVMFVIGLLGNTVIjLF 

NOVl_ MEGKNQTNISEFLLIiGFSSWQQQQ- -VliliFALFLCLYLTGIiFGNIiIillili 

NOV6 MYMVTVLRNLLSIIi 

5 NOV5 : 

NOVX3 

NOV7 TEPIalILTGVSEFLIiGLSEDPEIiQPVIiAIASLSIiS^mJV^^ 



NOV4 VIRFSWTLHTPMYGFLFILSFSESCYTFVIIPQl.IjVHIiIiSDTKTISIiMACATO 

NOV3 VIRFSWTIiHTPMYGFLFIIiSFSESCYTFVIIPQLLVHLLSDTKTXSFM^ 

10 OR_10J1 IIRIDI>HLHTP^^!fFFLSMLSTSETVYTIJVILPRMI,SSLVGMSQPMSLAGCATO 

NOVl 0 I WSDPHLHTTMYFIJjGNLSFIiDFCTSS ITAPRMLVDLIjSGNPT SFGGCLTQLFFFHFI 

NOV12 LISIlDSRIlHAPMYFFLSHIlAVVDIAYAC^^IVPRMIJVNIiIJHP^ 

NOVl 1 LI SIiDSRIiHA^MYFFLSHLAWD I AYACNTVPRMLVNIiliHPAKPI SFAGRMMQTFLFSTF 

NOV2 LISLDSRLHAP^T5fFFLSHIAVVDIAYAC^m;'PRl^VNIJIJHP 

15 NOV9 LIRVDSRIiHTP^T;fFLLSQLSLFDIGCP^IVTIPKMASDFLRGEGATSYGGGAAQIFFLTLM 

NOV8 LIRVDSRLHTPMYFIiIiSQLSLFDIGCPMVTIPKMASDFIiRGEGATSYGGGAAQIPFLTIJ^ 

NOVl AIGSDHCLHTPMYFFLANLSLVDIjCLPSATVPiayn^IjNIQTQTQTISYPGC^ 

NOV6 AVSSDSPLHTPMCFFLSKLCSADIGFTLAIWPKMIVNMQSHSRVISYEGCIiTRMSFFVLF 

NOV5 PMCFFLSKLCSADIGFTIaAMVPKMIVNMQSHSRVIS YEGCLTRMSFFVLF 

20 NOV13 MYFFIiSNIjCWADIGFTLATVPiaviIVDMGSHSRVISYEGCIjTQMSFFVLF 

NOV7 AVSSDSHLHTPTYFFLSILCWADIGFTSATVPKMIVDMQVnfSRVISHAGCIiTQMSFL 

: * * . : . * : : : * - ' ' 

NOV4 ACTNCIjLIAVMGYDRYVAICHPIiRYTL.1 INKRLGLiELISLSGATGFFIAIiVATNLICDMR 

25 NOV3 ACTNCUJIAVMGYDRYVAICHPLRYTLI INKRLGLELISLSGATGFFIAIiVATNLICDMR 

OR_10J1 GITNCFLIiTAMGYDRYVAICNPIJ^YMVIiyQJKRLRIQIiVIjGACSIGL 

NOVl 0 GGIKIFIiLTVMAYDRYIAI SQPLHYTLIMNQTVCALLMAASWVGGFI IVQIALTIQIiP 

NOV12 AVTECLLLVVMSYDLYVAICHPIjRYI^IMTWRVCITLaVTSWTTGVIiLSLIHI^^^ 

NOVll AVTECLLLVVMSYDLYVAICHPIiRYIiAIMTWRVCITIiAVTSWTTGVIiLSIilHLV^ 

30 NOV2 AVTECIiLLVVMSYDIiYVAICHPIiRYIJ^IMTWRVCITIJVVTSWTTGVLLSIilHL 

NOV9 GVAEGVLLVIJyiSYDRYVAVCQPLQYPVIjI^RQVCIiLMMGS^ 

NOV8 GVAEGVIJLVIJMSYDRYVAVCQPL^QYPVLMRRQVCIJIJ^^GSSWVVGVIiNM 

NOVl AN^©NFIJ^TVmYPRYVAICHPLHYSTIMAIiRLCASIlVAAPWV 

NOV6 ACMEDMLLTVMAYDCFVAICRPLHYPVIVNPHLCVFFVLVSFFLSPLDSQIiHSWI^ 

35 NOV5 ACMEDMIiIjTVMAYDCFVAICRPLHyPVIVNPHLCVFFVIjVSFF 

NOV13 ACIEDMI.LTVmyi)QFVAiraPIiHYPVIMNPHLCVFLVIiVSFFIjSL 

NOV7 ACIEGMLLTVMAYDCFVGIYRPLHYPVIVNPHIiCVFFVLVSFFLSIiLDSQLHSWI^ 



40 NOV4 FCGPNRVNHYFCDMAPVIKIiACTDTHVKELAIiFSLSIIiVIMVPFIiIilLISYGFIVOT 

NOV3 FCGPNRVNHYFCDMAPVIKLACTDTHVKELAIiFSIiS ILVIMVPFIiIillil SYGFIVNTILK 

OR_l OJl FCAR - KVPHFFCDIRPVMKLSCIDTTVNEILTLI ISVLVLVVPMGLVFISYVIjII STIIjK 
NOVl 0 FCGPDKLDNFYCDVPQLIKIJiCTDTFVLELLMVSN^ 

NOV12 FCRPQKIYHFFCEIIiAVIiKLACADTHINENMVLAGAISGIiVGPLSTIVVSYMCILCAII^ 
45 NOVll FCRPQKIYHFFCEILAVIjKLACADTHINENMVIiAGAISGLVGPLSTIVVSYMCIL^ 
NOV2 FCRPQKIYHFFCEIIAVIiKIACADTHINENMVIiAGAISGIiVGPLSTIVVSYM 
NOV9 YCASRIVDHFFCEVPAIiIiKLSCM3TCAYEMALSTSGVLIIJ^PLSIiIATSY<^^ 
NOV8 YCASRIVDHFFCEVPALLKLSCADTCAYEMALSTSGVLIIiMLPLSLIATSYGHVLQAVLS 
NOVl FCSDNVIHHFFCDINSLLPLSCSDTSLNQLSVIiATVGLIFVVPSVCIIjVSYIIiIVSAVMK 
50 NOV6 IIKNVEITNFVCEPSQLLNIACSDSVINNIFIYFDSTMFGFLPISGIIJ^SYYKIW 

NOV5 IlKNVEITNFVCEPSQLIiNIiACSDSVINNIFIYFDSTI^GFLPISGIIJjSYYKIVPSIIiR 
NOV13 FFKNVEISNFFCDPSQIiLNLACSDGIINSIFIYIJDSILFSFLPISGILLSYYK 
NOV? IIKNVEISNFVCDPSQIJLKllASYDSVINSIFIYFDST^«^GFriPISGIIiSSYYKIVPSII^ 
: : : *: ::*:.* . . :**:::: 

55 

NOV4 I PSAEG - KKAFVTCASHLTWFVHYDCAS 1 1 YLRPKSKS ASDKDQIiVAVTYAWTPLIiNP 

N0V3 IPSAEG-KKAFVTCASHLTVVFVHYGCASIIYLRPKSKSASDKTOLVAVTYTV^ 
OR_10J1 lASVEGRKKAFATCASHIiTVVIVHYSCASIAYIJCPKSENTREHDQLIS 
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shsregrskalstcashiawtiilfvpci yvytrpfr- - tfpmdkavsvlyti vtpmia^ 
iqsrevqrkapctcfshlcviglfygtaiimyvgprygnpkeqkkylllfhsi.fnpmlnp 
iqsrevqrkapctcfshlcviglfygtaiiiwvgprygnpi<i:qkkylllfhslfnpmli«^ 

IQSREVQRKAFRTCFSHLCVIGLVYGTAIIMYVGPRYGNPKEQKKYIjLLFHSLFNPMIiNP 

MRSEEARHKAVTTCSSHITWGLFYGAAVFiynflWPCAYHSPQQDNWSIiPYS^ 

MRSEEARHKAVTTCSSHITWGIiFYGAAVFKrmVPCAYHSPQQDlIWSL 

VPSAQGKLKAPSTCGSHLALVILFYGAITGVYMSPLSNHSTEKDSiu^SVIF^WV^ 

MSSSDGKYKGFSTCGSYIAWCSFDGTGIGMYLTSAVSPPPRNG-VASVMYAWTPMLNIi 

MSSSDGKYKGFSTCGSYI^WCSFDGTGIGiynfLTSAySPPPRNGWASVMyAVVTPMI^ 

ISSSDGKYKAPSICGSHIAWCLFYGTGIGVYLTSAVSPPPRNGWASVMYAWTPM^ 

MSSSDGKYKTPSTYGSHtAFVCSFYGTGIDiyrYIASAMSPTPRNGVWSYM^ 



15 
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NOV12 

NpVll 

NOV2 

NOV9 

NOV8 

NOVl 

NOV6 

NOV5 
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NOV7 



LVYSIiRNKEVKTALKR VLGMPVATKMS 

LVYSLRNKEVKTALKR VLGMPVATKMS 

WYTLRiJKBVKDALCR AVGG KFS 

AIYTLRNKEVIMAMKKLWRRKKDPIGPLEHRPLH 

LICSLRNSEVKNTLKR VLG- - VERAL 

LICSLRNSEVKNTLKR VLG- - VERAL 

LICSLRNSEVKNTLKR VLG- -VERAL 

LIYSLRNPEVWMALVK VLSRAGLRQMCMTT 

LIYSLRNPEVWMALVK VLSRAGLRQMC 

FIYSLRNNELKGTLKKTLSRPGAVAHACNPSTLGGRGGWIMRSGDRDHPG 

FILSLGKRDIQSVLRRLCSRTVESHDMFHPFSCVGEKGQPH 

FIYSLGKRDIQSVLRRLCSRTVESHDMFHPFSCVG 

FIYSLRNRDIQSVLRRLCSRTVESHDMFHPFSCVGEKGQPH 

FIYSLRNRDIQSALRRLRSR 



(SEQ 
(SEQ 
(SEQ 
(SEQ 
(SEQ 
(SEQ 
(SEQ 
(SEQ 
(SEQ 
(SEQ 
(SEQ 
(SEQ 
(SEQ 
(SEQ 



ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 
ID NO. 



8) 

6) 

SS) 

20) 

24) 

22) 

4) 

18) 

16) 

2) 

12) 

10) 

26) 

14) 



Where indicates a single, ftilly conserved residue, indicates conservation of strong 
groups, and indicates conservation of weak groups, and OR_10J1 is the known human 
olfactory receptor lOJl (GenBank Accession No.: P30954). 

The nucleic acids and proteins of the invention are useful in potential therapeutic 
applications implicated in disorders of the neuro-olfactory system, such as those induced by 
trauma, surgery and/or neoplastic disorders. For example, a cDNA encoding the olfactory 
receptor protein may be usefiil in gene therapy for treating such disorders, and the olfactory 
receptor protein may be useful when administered to a subject in need thereof By way of 
nonlimiting example, the compositions of the present mvention will have efficacy for treatment 
of patients suffering from disorders of the neuro-olfactory system. The novel nucleic acids 
encoding olfactory receptor protein, and the olfactory receptor protein of the invention, or 
fragments thereof, may further be useful in the treatment of adenocarcinoma; lymphoma; prostate 
cancer; uterus cancer, immune response, AIDS, asthma, Crohn's disease, multiple sclerosis, 
treatment of Albright hereditary ostoeodystrophy, development of powerful assay system for 
functional analysis of various human disorders which will help in understanding of pathology of 
the disease, and development of new drug targets for various disorders* They may also be used 
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in diagnostic applications, wherein the presence or amount of the nucleic acid or the protein are 

to be assessed. These materials are further useful in the generation of antibodies that bind 

immunospecifically to the novel substances of the invention for use in therapeutic or diagnostic 

methods. 

5 

NOVX Nucleic Acids 

The nucleic acids of the invention include those that encode a NOVX polypeptide or 
protein. As used herein, the terms polypeptide and protein are interchangeable. 

In some embodiments, a NOVX nucleic acid encodes a mature NOVX polypeptide. As 

10 used herein, a "mature" form of a polypeptide or protein described herein relates to the product 
of a naturally occurring polypeptide or precursor form or proprotein. The naturally occurring 
polypeptide, precursor or proprotein includes, by way of nonlimiting example, the fiill-length 
gene product, encoded by the corresponding gene. Alternatively, it may be defined as the 
polypeptide, precursor or proprotein encoded by an open reading firame described herein. The 

1 5 product "mature" form arises, again by way of nonlimiting example, as a result of one or more 

naturally occurring processing steps that may take place within the cell in which the gene product 
arises. Examples of such processing steps leading to a "mature" form of a polypeptide or protein 
include the cleavage of the N-terminal methionine residue encoded by the initiation codon of an 
open reading frame, or the proteolytic cleavage of a signal peptide or leader sequence. Thus a 

20 mature form arising from a precursor polypeptide or protein that has residues 1 to N, where 
residue 1 is the N-terminal methionine, would have residues 2 through N remaining after 
removal of the N-terminal methionine. Alternatively, a mature form arising firom a precursor 
polypeptide or protein having residues 1 to N, in which an N-terminal signal sequence firom 
residue 1 to residue M is cleaved, would have the residues fi-om residue M+1 to residue N 

25 remaining. Further as used herein, a "mature" form of a polypeptide or protein may arise fi-om a 
. step of post-translational modification other than a proteolytic cleavage event. Such additional 
processes include, by way of non-limiting example, glycosylation, myristoylation or 
phosphorylation. In general, a mature polypeptide or protein may result from the operation of 
only one of these processes, or a combination of any of them. 

30 Among the NOVX nucleic acids is the nucleic acid whose sequence is provided in SEQ 

ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, or a firagment thereof Additionally, the 
invention includes mutant or variant nucleic acids of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 
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19, 21, 23 or 25, or a fragment thereof, any of whose bases may be changed from the 

corresponding bases shown in SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, while 

still encoding a protein that maintains at least one of its NOVX-like activities and physiological 

functions (i,e., modulating angiogenesis, neuronal development). The invention further includes 

5 the complement of the nucleic acid sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 

23 or 25, including fragments, derivatives, analogs and homologs thereof. The invention 

additionally includes nucleic acids or nucleic acid fragments, or complements thereto, whose 

stmctures include chemical modifications. 

One aspect of the invention pertains to isolated nucleic acid molecules that encode 

10 NOVX proteins or biologically active portions thereof Also included are nucleic acid fragments 
sufficient for use as hybridization probes to identify NOVX-encoding nucleic acids (e.g., NOVX 
mRNA) and fragments for use as polymerase chain reaction (PGR) primers for the amplification 
or mutation of NOVX nucleic acid molecules. As used herein, the term "nucleic acid molecule" 
is intended to include DNA molecules (e.g., cDNA or genomic DNA), RNA molecules (e.g., 

1 5 mRNA), analogs of the DNA or RNA generated using nucleotide analogs, and derivatives, 
fragments and homologs thereof. The nucleic acid molecule can be single-stranded or 
double-stranded, but preferably is double-stranded DNA. 

^Trobes" refer to nucleic acid sequences of variable length, preferably between at least 
about 10 nucleotides (nt), 100 nt, or as many as about, e.g,, 6,000 nt, depending on use. Probes 

20 are used in the detection of identical, similar, or complementary nucleic acid sequences. Longer 
length probes are usually obtained from a natural or recombinant source, are highly specific and 
much slower to hybridize than oligomers. Probes may be single- or double-stranded and 
designed to have specificity in PGR, membrane-based hybridization technologies, or ELISA-like 
technologies. 

25 An "isolated" nucleic acid molecule is one that is separated from other nucleic acid 

molecules that are present in the natural source of the nucleic acid. Examples of isolated nucleic 
acid molecules include, but are not limited to, recombinant DNA molecules contained in a 
vector, recombinant DNA molecules maintained in a heterologous host cell, partially or 
substantially purified nucleic acid molecules, and synthetic DNA or RNA molecules. Preferably, 

30 an "isolated" nucleic acid is free of sequences which naturally flank the nucleic acid (z.e., 

sequences located at the 5* and 3' ends of the nucleic acid) in the genomic DNA of the organism 
from which the nucleic acid is derived. For example, in various embodiments, the isolated 
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NOVX nucleic acid molecule can contain less than about 50 kb, 25 kb, 5 kb, 4 kb, 3 kb, 2 kb, 1 

kb, 0.5 kb or 0.1 kb of nucleotide sequences which naturally flank the nucleic acid molecule in 

genomic DNA of the cell from which the nucleic acid is derived. Moreover, an "isolated" 

nucleic acid molecule, such as a cDNA molecule, can be substantially free of other cellular 

5 material or culture medium when produced by recombinant techniques, or of chemical precursors 

or other chemicals when chemically synthesized. 

A nucleic acid molecule of the present invention, e.g,^ a nucleic acid molecule having the 

nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, or a 

complement of any of this nucleotide sequence, can be isolated using standard molecular biology 

10 techniques and the sequence information provided herein. Using all or a portion of the nucleic 
acid sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, as a hybridization 
probe, NOVX nucleic acid sequences can be isolated using standard hybridization and cloning 
techniques (e.g.^ as described in Sambrook et aL, eds., MOLECULAR CLONING: A LABORATORY 
Manual 2°** Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, 1 989; and 

1 5 Ausubel, et aL, eds., CURRENT PROTOCOLS IN MOLECULAR Biology, John Wiley & Sons, New 
York, NY, 1993.) 

A nucleic acid of the invention can be. amplified using cDNA, mRNA or alternatively, 
genomic DNA, as a template and appropriate oligonucleotide primers according to standard PCR 
amplification techniques. The nucleic acid so amplified can be cloned into an appropriate vector 

20 and characterized by DNA sequence analysis. Fxarthermore, oligonucleotides corresponding to 
NOVX nucleotide sequences can be prepared by standard synthetic techniques, e,g,^ using an 
automated DNA synthesizer. 

As used herein, the temi "oligonucleotide" refers to a series of linked nucleotide residues, 
which oligonucleotide has a sufficient number of nucleotide bases to be used in a PCR reaction. 

25 A short oligonucleotide sequence may be based on, or designed from, a genomic or cDNA 
sequence and is used to amplify, confirm, or reveal the presence of an identical, similar or 
complementary DNA or RNA in a particidar cell or tissue. Oligonucleotides comprise portions 
of a nucleic acid sequence having about 10 nt, 50 nt, or 100 nt in length, preferably about 15 nt to 
30 nt in length. In one embodiment, an oligonucleotide comprising a nucleic acid molecule less 

30 than 1 00 nt in length would fiarther comprise at lease 6 contiguous nucleotides of SEQ ID NO: 
1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, or a complement thereof Ohgonucleotides may be 
chemically synthesized and may be used as probes. 
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In another embodiment, an isolated nucleic acid molecule of the invention comprises a 

nucleic acid molecule that is a complement of the nucleotide sequence shown in SEQ ID NO: 1, 

3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, or a portion of this nucleotide sequence. A nucleic 

acid molecule that is complementary to the nucleotide sequence shown in SEQ ID NO: 1, 3, 5, 

5 7, 9, 1 1 , 1 3, 1 5, 1 7, 1 9, 2 1 , 23 or 25 is one that is sufficiently cornplementary to the nucleotide 

sequence shown m SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25 that it can hydrogen 

bond with little or no mismatches to the nucleotide sequence shown in SEQ ID NO: 1, 3, 5, 7, 9, 

1 1, 13, 15, 17, 19, 21, 23 or 25, thereby forming a stable dirplex. 

As used herein, the term "complementary" refers to Watson-Crick or Hoogsteen base 

10 pairing between nucleotide units of a nucleic acid molecule, and the term "binding" means the 
physical or chemical interaction between two polypeptides or compoimds or associated 
polypeptides or compounds or combinations thereof. Binding includes ionic, non-ionic. Von der 
■ Waals, hydrophobic interactions, etc. A physical interaction can be either direct or indirect. 
Indirect interactions may be through or due to the effects of another polypeptide or compound. 

15 Direct binding refers to interactions that do not take place through, or due to, the effect of another 
polypeptide or compound, but instead are without other substantial chemical intermediates. 

Moreover, the nucleic acid molecule of the invention can comprise only a portion of the 
nucleic acid sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, e.g., a 
fragment that can be used as a probe or primer, or a fragment encoding a biologically active 

20 portion of NOVX. Fragments provided herein are defined as sequences of at least 6 (contiguous) 
nucleic acids or at least 4 (contiguous) amino acids, a length sufficient to allow for specific 
hybridization in the case of nucleic acids or for specific recognition of an epitope in the case of 
amino acids, respectively, and are at most some portion less than a full length sequence. 
Fragments may be derived from any contiguous portion of a nucleic acid or amino acid sequence 

25 of choice. Derivatives are nucleic acid sequences or amino acid sequences formed from the 

native compounds either directly or by modification or partial substitution. Analogs are nucleic 
acid sequences or amino acid sequences that have a structure similar to, but not identical to, the 
native compoimd but differs from it in respect to certain components or side chains. Analogs 
may be synthetic or from a different evolutionary origin and may have a similar or opposite 

30 metabolic activity compared to wild type. 

Derivatives and analogs may be full length or other than full length, if the derivative or 
analog contains a modified nucleic acid or amino acid, as described below. Derivatives or 
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analogs of the nucleic acids or proteins of the invention include, but are not limited to, molecules 

comprising regions that are substantially homologous to the nucleic acids or proteins of the 

invention, in various embodiments, by at least about 70%, 80%, 85%, 90%, 95%, 98%, or even 

99% identity (with a preferred identity of 80-99%) over a nucleic acid or amino acid sequence of 

5 identical size or when compared to an aligned sequence in which the alignment is done by a 

computer homology program known in the art, or whose encoding nucleic acid is capable of 

hybridizing to the complement of a sequence encoding the aforementioned proteins under 

stringent, moderately stringent, or low stringent conditions. See e.g. Ausubel, et ah, CURRENT 

Protocols in Molecular Biology, John Wiley & Sons, New York, NY, 1 993, and below. An 

10 exemplary program is the Gap program (Wisconsin Sequence Analysis Package, Version 8 for 
UNIX, Genetics Computer Group, University Research Park, Madison, WI) using the default 
, settings, which uses the algorithm of Smith and Waterman (Adv. Appl. Math., 1981, 2: 482-489, 
which is incorporated herein by reference in its entirety). 

A "homologous nucleic acid sequence" or "homologous amino acid sequence," or 

15 variations thereof, refer to sequences characterized by a homology at the nucleotide level or 

amino acid level as discussed above. Homologous nucleotide sequences encode those sequences 
coding for isoforms of a NOVX polypeptide. Isoforms can be expressed in different tissues of 
the same organism as a result of, for example, alternative splicing of RNA. Alternatively, 
isoforms can be encoded by different genes. In the present invention, homologous nucleotide 

20 sequences include nucleotide sequences encoding for a NOVX polypeptide of species other than 
humans, including, but not limited to, mammals, and thus can include, e.g.^ mouse, rat, rabbit, 
dog, cat cow, horse, and other organisms. Homologous nucleotide sequences also include, but 
are not limited to, naturally occurring allelic variations and mutations of the nucleotide sequences 
set forth herein. A homologous nucleotide sequence does not, however, include the nucleotide 

25 sequence encoding human NOVX protein. Homologous nucleic acid sequences include those 
' nucleic acid sequences that encode conservative amino acid substitutions (see below) in SEQ ID 
NOf2,4,6,8, 10, 12, 14, 16, 18, 20,22, 24 or 26, as well as a polypeptide having NOVX 
activity. Biological activities of the NOVX proteins are described below. A homologous amino 
acid sequence does not encode the amino acid sequence of a human NOVX polypeptide. 

30 The nucleotide sequence determined from the cloning of the human NOVX gene allows 

for the generation of probes and primers designed for use in identifying and/or cloning NOVX 
homologues in other cell types, e.g., from other tissues, as well as NOVX homologues from 
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Other mammals. The probe/primer typically comprises a substantially purified oligonucleotide. 

The oligonucleotide typically comprises a region of nucleotide sequence that hybridizes under 

stringent conditions to at least about 12, 25, 50, 100, 150, 200, 250, 300, 350 or 400 or more 

consecutive sense strand nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 

5 23 or 25; or an anti-sense strand nucleotide sequence of SEQ ID NO; 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 

19, 21, 23 or 25; or of a naturally occurring mutant of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 

19,21, 23 or 25. 

Probes based on the human NOVX nucleotide sequence can be used to detect transcripts 
or genomic sequences encoding the same or homologous proteins. In various embodiments, the 

10 probe further comprises a label group attached thereto, e.g., the label group can be a radioisotope, 
a fluorescent compound, an enzyme, or an enzyme co-factor. Such probes can be used as a part 
of a diagnostic test kit for identifying cells or tissue which misexpress a NOVX protein, such as 
by measuring a level of a NOVX-encoding nucleic acid in a sample of cells from a subject e.g., 
detecting NOVX niRNA levels or determining whether a genomic NOVX gene has been mutated 

15 or deleted. 

A "polypeptide having a biologically active portion of NOVX" refers to polypeptides 
exhibiting activity similar, but not necessarily identical to, an activity of a polypeptide of the 
present invention, including mature forms, as measured in a particular biological assay, with or 
v\dthout dose dependency. A nucleic acid fragment encoding a "biologically active portion of 

20 NOVX" can be prepared by isolating a portion of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 
21, 23 or 25 that encodes a polypeptide having a NOVX biological activity (biological activities 
of the NOVX proteins are described below), expressing the encoded portion of NOVX protein 
(e.g., by recombinant expression in vitro) and assessing the activity of the encoded portion of 
NOVX. For example, a nucleic acid fragment encoding a biologically active portion of NOVX 

25 can optionally include an ATP-binding domain. In another embodiment, a nucleic acid fragment 
encoding a biologically active portion of NOVX includes one or more regions. 

NOVX Variants 

The invention further encompasses nucleic acid molecules that differ from the nucleotide 
30 sequences shown in SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25 due to the 

degeneracy of the genetic code. These nucleic acids thus encode the same NOVX protein as that 
encoded by the nucleotide sequence shown in SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 
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23 or 25 e.g., the polypeptide of SEQ IDNO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. In 

another embodiment, an isolated nucleic acid molecule of the invention has a nucleotide 

sequence encoding a protein having an amino acid sequence shown in SEQ ID NO: 2, 4, 6, 8, 10, 

12, 14, 16, 18, 20, 22, 24 or 26. 

5 In addition to the human NOVX nucleotide sequence shown in SEQ ID NO: 1, 3, 5, 7, 9, 

1 1, 13, 15, 17, 19, 21, 23 or 25, it will be appreciated by those skilled in the art that DNA 

sequence polymorphisms that lead to changes in the amino acid sequences of NOVX may exist 

within a population (e,g,, the human population). Such genetic polymoiphism in the NOVX 

gene may exist among individuals within a population due to natural allelic variation. As used 

10 herein, the terms "gene" and "recombinant gene" refer to nucleic acid molecules comprising an 
open reading frame encoding a NOVX protein, preferably a mammalian NOVX protein. Such 
natural allelic variations can typically result in 1-5% variance in the nucleotide sequence of the 
NOVX gene. Any and all such nucleotide variations and resulting amino acid polymorphisms in 
NOVX that are the result of natural allelic variation and that do. not alter the functional activity of 

1 5 NOVX are intended to be within the scope of the invention. ^ 

Moreover, nucleic acid molecules encoding NOVX proteins from other species, and thus 
that have a nucleotide sequence that differs from the human sequence of SEQ ID NO: 1, 3, 5, 7, 
9, 11, 13, 15, 17, 19, 21, 23 or 25 are intended to be within the scope of the invention. Nucleic 
acid molecules corresponding to natural allelic variants and homologues of the NOVX cDNAs of 

20 the invention can be isolated based on their homology to the human NOVX nucleic acids 
disclosed herein using the human cDNAs, or a portion thereof, as a hybridization probe 
according to standard hybridization techniques under stringent hybridization conditions. For 
example, a soluble human NOVX cDNA can be isolated based on its homology to himian 
membrane-bound NOVX. Likewise, a membrane-bound human NOVX cDNA can be isolated 

25 based on its homology to soluble human NOVX. 

Accordingly, in another embodiment, an isolated nucleic acid molecule of the invention 
is at least 6 nucleotides in length and hybridizes under stringent conditions to the nucleic acid 
molecule comprising the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 
- 23 or 25. In another embodiment, the nucleic acid is at least 10, 25, 50, 100, 250, 500 or 750 

30 nucleotides in length. In another embodiment, an isolated nucleic acid molecule of the invention 
hybridizes to the coding region. As used herein, the term "hybridizes under stringent conditions" 
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is intended to describe conditions for hybridization and washing vinder which nucleotide 

sequences at least 60% homologous to each other typically remain hybridized to each other. 

Homologs (z.e.> nucleic acids encoding NOVX proteins derived from species other than 

human) or other related sequences (e.g,, paralogs) can be obtained by low, moderate or high 

5 strmgency hybridization with all or a portion of the particular human sequence as a probe using 

methods well known in the art for nucleic acid hybridization and cloning. 

As used herein, the phrase "stringent hybridization conditions" refers to conditions under 

which a probe, primer or oligonucleotide will hybridize to its target sequence, but to no other 

sequences. Stringent conditions are sequence-dependent and will be different in different 

10 circumstances. Longer sequences hybridize specifically at higher temperatures than shorter 

sequences. Generally, stringent conditions are selected to be about S^^C lower than the thermal 
melting point (T^) for the specific sequence at a defined ionic strength and pH. The Tm is the 
' temperature (under defined ionic strength, pH and nucleic acid concentration) at which 50% of 
the probes complementary to the target sequence hybridize to the target sequence at equilibrium. 

15 Since the target sequences are generally present at excess, at Tm, 50% of the probes are occupied 
at equilibrium. Typically, stringent conditions will be those in which the salt concentration is 
less than about 1 .0 M sodium ion, typically about 0.01 to 1 .0 M sodium ion (or other salts) at pH 
7.0 to 8.3 and the temperature is at least about 30°C for short probes^ primers or oligonucleotides 
(e.g,, 10 nt to 50 nt) and at least about SO^'C for longer probes, primers and oligonucleotides. 

20 Stringent conditions may also be achieved with the addition of destabilizing agents, such as 
formamide. 

Stringent conditions are known to those skilled in the art and can be foimd in CURRENT 
Protocols in Molecular Biology, John Wiley & Sons, N. Y. (1 989), 6.3,1 -6.3 .6. Preferably, 
the conditions are such that sequences at least about 65%, 70%, 75%, 85%, 90%, 95%, 98%, or 

25 99% homologous to each other typically remain hybridized to each other. A non-limiting 

example of stringent hybridization conditions is hybridization in a high salt buffer comprising 6X 
SSC; 50 mM Tris-HCl (pH 7.5), 1 mM EDTA, 0.02% PVP, 0.02% FicoU, 0.02% BSA, and 500 
mg/ml denatured salmon sperm DNA at 65°C. This hybridization is followed by one or more 
washes in 0.2X SSC, 0.01% BSA at 50°C. An isolated nucleic acid molecule of the invention 

30 that hybridizes under stringent conditions to the sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 
15, 17, 19, 21, 23 or 25 corresponds to a natxirally occurring nucleic acid molecule. As used 
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herein, a "naturally-occurring" nucleic acid molecule refers to an RNA or DNA molecule having 

a nucleotide sequence that occurs in nature (e.g-, encodes a natural protein). 

In a second embodiment, a nucleic acid sequence that is hybridizable to the nucleic acid 

molecule comprising the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 

23 or 25, or fragments, analogs or derivatives thereof, under conditions of moderate stringency is 

provided. A non-limiting example of moderate stringency hybridization conditions are 

hybridization in 6X SSC, 5X Denhardt's solution, 0.5% SDS and 100 mg/ml denatured salmon 

sperm DNA at 55*^0, followed by one or more washes in IX SSC, 0.1% SDS at 37*^0. Other 

conditions of moderate stringency that may be used are well known in the art. See, e.g.^ Ausubel 

et al (eds.), 1993, Current Protocols in Molecular Biology, John Wiley & Sons, NY, and 

. Kriegler, 1 990, Gene Transfer and Expression, A Laboratory Manual, Stockton Press, 

! NY. 

In a third embodiment, a nucleic acid that is hybridizable to the nucleic acid molecule 
comprising the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, 
or fragments, analogs or derivatives thereof, under conditiqns of low stringency, is provided. A 
non-limiting example of low stringency hybridization conditions are hybridization in 35% 
fonnamide, 5X SSC, 50 mM Tris-HCl (pH 7.5), 5 mM EDTA, 0,02% PVP, 0.02% FicoU, 0.2% 
BSA, 100 mg/ml denatured salmon sperm DNA, 10% (wt/vol) dextran sulfate at 40''C, followed 
by one or more washes in 2X SSC, 25 mM Tris-HCl (pH 7.4), 5 mM EDTA, and 0.1% SDS at 
50°C. Other conditions of low stringency that may be used are weU known in the art (e.g., as 
employed for cross-species hybridizations). See, e.g., Ausubel et al ("eds.), 1993, Current 
Protocols in Molecular Biology, John Wiley & Sons, NY, and Kriegler, 1 990, Gene 
Transfer and Expression, A Laboratory Manual, Stockton Press, NY; Shilo and 
Weinberg, 1981, Proc Natl Acad Sci USA 78: 6789-6792. 

Conservative mutations 

In addition to naturally-occurring allelic variants of the NOVX sequence that may exist in 
the population, the skilled artisan will further appreciate that changes can be introduced by 
mutation into the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 
25, thereby leading to changes in the amino acid sequence of the encoded NOVX protein, 
without altering the functional ability of the NOVX protein. For example, nucleotide 
substitutions leading to amino acid substitutions at "non-essential" amino acid residues can be 
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made in the sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25. A 

"non-essential" amino acid residue is a residue that can be altered from the wild-type sequence of 

NOVX without altering the biological activity, whereas an "essential" amnio acid residue is 

required for biological activity. For example, amino acid residues that are conserved among the 

5 NOVX proteins of the present invention, are predicted to be particularly unamenable to 

alteration. 

Another aspect of the invention pertains to nucleic acid molecules encoding NOVX 
proteins that contain changes in amino acid residues that are not essential for activity. Such 
NOVX proteins differ in amino acid sequence from SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 

10 22, 24 or 26, yet retain biological activity. In one embodiment, the isolated nucleic acid 

molecule comprises, a nucleotide sequence encoding a protein, wherein the protein comprises an 
amino acid sequence at least about 75% homologous to the amino acid sequence of SEQ ID NO: 
2, 4, 6, or 8. Preferably, the protein encoded by the nucleic acid is at least about 80% 
homologous to SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26, more preferably at 

15 least about 90%, 95%, 98%, and most preferably at least about 99% homologous to SEQ ID NO: 
2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. 

An isolated nucleic acid molecule encoding a NOVX protein homologous to the protein 
of can be created by introducing one or more nucleotide substitutions, additions or deletions into 
the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, such that 

20 one or more amino acid substitutions, additions or deletions are introduced into the encoded 
protein. 

Mutations can be introduced into the nucleotide sequence of SEQ ID NO: 1, 3, 5, 7, 9, 
11,13, 15, 17, 19, 21, 23 or 25 by standard techniques, such as site-directed mutagenesis and 
PCR-mediated mutagenesis. Preferably, conservative amino acid substitutions are made at one 

25 or more predicted non-essential amino acid residues. A "conservative amino acid substitution" is 
"cSie'in which the amino acid residue is replaced with an amino acid residue having a similar side 
chain. Families of amino acid residues having similar side chains have been defined in the art. 
These families include amino acids with basic side chains (e,g,, lysine, arginine, histidme), acidic 
side chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, 

30 asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, 
valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side 
chains (e.g., threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, 
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tryptophan, histidine). Thus, a predicted nonessential amino acid residue inNOVX is replaced 

with another amino acid residue from the same side chain family. Alternatively, in another 

embodiment, mutations can be introduced randomly along all or part of a NOVX coding 

sequence, such as by saturation mutagenesis, and the resultant mutants can be screened for 

5 NOVX biological activity to identify mutants that retain activity. Following mutagenesis of 

SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25 the encoded protein can be expressed 

by any recombinant technology known in the art and the activity of the protein can be 

' determined. 

In one embodiment, a mutant NOVX protein can be assayed for (1) the ability to form 
1 0 proteinrprotein interactions with other NOVX proteins, other cell-stirface proteins, or 

biologically active portions thereof, (2) complex formation between a mutant NOVX protein and 
a NOVX receptor; (3) the ability of a mutant NOVX protein to bind to an intracellular target 
protein or biologically active portion thereof; (e.g,^ avidin proteins); (4) the ability to bind 
NOVX protein; or (5) the ability to specifically bind an anti-NQVX protein antibody. 

15 

Antisense NOVX Nucleic Acids 

Another aspect of the invention pertains to isolated antisense nucleic acid molecules that 
are hybridizable to or complementary to the nucleic acid molecule comprising the nucleotide 
sequence of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25, or fragments, analogs or 

20 derivatives thereof. An "antisense" nucleic acid comprises a nucleotide sequence that is 

complementary to a "sense" nucleic acid encoding a protein, e.g. , complementary to the coding 
strand of a double-stranded cDNA molecule or complementary to an mRNA sequence. In 
specific aspects, antisense nucleic acid molecules are provided that comprise a sequence 
complementary to at least about 10, 25, 50, 100, 250 or 500 nucleotides or an entire NOVX 

25 coding strand, or to only a portion thereof. Nucleic acid molecules encoding fragments, 

homologs, derivatives and analogs of a NOVX protein of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 
1 8, 20, 22, 24 or 26 or antisense nucleic acids complementary to a NOVX nucleic acid sequence 
of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25 are additionally provided. 

In one embodiment, an antisense nucleic acid molecule is antisense to a "coding region" 

30 of the coding strand of a nucleotide sequence encoding NOVX. The term "coding region" refers 
to the region of the nucleotide sequence comprising codons which are translated into amino acid 
residues (e.g., the protein coding region of human NOVX corresponds to SEQ ID NO: 2, 4, 6, 8, 
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10, 12, 14, 16, 18, 20, 22, 24 or 26). In another embodiment, the antisense nucleic acid molecule 

is antisense to a "noncoding region" of the coding strand of a nucleotide sequence encoding 

NOVX. The terai "noncoding region" refers to 5' and 3* sequences which flank the coding region 

that are not translated into amino acids (/.e., also referred to as 5' and 3' untranslated regions). 

5 Given the coding strand sequences encoding NOVX disclosed herein (e.g., SEQ ID NO: 

1 , 3, 5, 7, 9, 11 , 1 3, 1 5, 1 7, 1 9, 2 1 , 23 or 25), antisense nucleic acids of the invention can be 

designed according to the rules of Watson and Crick or Hoogsteen base pairing. The antisense 

nucleic acid molecule can be complementary to the entire coding region of NOVX mRNA, but 

more preferably is an oligonucleotide that is antisense to only a portion of the coding or 

10 noncoding region of NOVX mRNA. For example, the antisense oligonucleotide can be 
complementary to the region surrounding the translation start site of NOVX mRNA. An 
antisense oligonucleotide can be, for example, about 5, 10, 15, 20, 25, 30, 35, 40, 45 or 50 
' nucleotides in length. An antisense nucleic acid of the invention can be constructed using 
chemical synthesis or enzymatic ligation reactions using procedures known in the art For 

1 5 example, an antisense nucleic acid (e.g.^ an antisense oligonucleotide) can be chemically 

sjoithesized using natxirally occurring nucleotides or variously modified nucleotides designed to 
increase the biological stability of the molecules or to increase the physical stability of the duplex 
formed between the antisense and sense nucleic acids, e.g., phosphorothioate derivatives and 
acridine substituted nucleotides can be used. 

20 Examples of modified nucleotides that can be used to generate the antisense nucleic acid 

include: 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil, hypoxanthine, xanthine, 
4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-carboxymethylaminomethyl- 
2-thiouridine, 5-carboxymethylaminomethyluracil, dihydrouracil, beta-t)-galactosylqueosine, 
inosine, N6-isopentenyladenine, 1-methylguanine, 1-methylinosine, 2,2-dimethylguanine, 

25 2-methyladenine, 2-methylguanine, 3-methylcytosine, 5-methylcytosine, N6-adenine, 
7-methylguanine, 5-methylaminomethyluracil, 3"-methoxyaminomethyl-2-thiouracil, 
beta-t)-mannosylqueosine, 5 -methoxycarboxymethyluracil, 5-methoxyuracil, 

2- methylthio-N6-isopentenyladenine, uracil-5-oxyacetic acid (v), wybutoxosine, pseudouracil, 
queosine, 2-thiocytosine, 5-methyI-2-thiouracil, 2-'thiouraciI, 4-thiouraciI, 5-methyluracil, 

30 uracil-5-oxyacetic acid methylester, uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 

3- (3-amino-3-N-2-carboxypropyl) uracil, (acp3)w, and 2,6-diaminopurine. Alternatively, the 
antisense nucleic acid can be produced biologically using an expression vector into which a 
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nucleic acid has been subcloned in an antisense orientation (i.e., RNA transcribed from the 
inserted nucleic acid will be of an antisense orientation to a target nucleic acid of interest, 
described further in the following subsection). 

The antisense nucleic acid molecules of the invention are typically administered to a 
5 subject or generated in situ such that they hybridize with or bind to cellular mRNA and/or 
- genomic DNA encoding a NOVX protein to thereby inhibit expression of the protein, e.g., by 
inhibiting transcription and/or translation. The hybridization can be by conventional nucleotide 
complementarity to form a stable duplex, or, for example, in the case of an antisense nucleic acid 
molecule that binds to DNA duplexes, through specific interactions in the major groove of the 
10 double helix. An example of a route of administration of antisense nucleic acid molecules of the 
invention includes direct injection at a tissue site. Alternatively, antisense nucleic acid molecules 
. can be modified to target selected cells and then administered systemically. For example, for 
systemic administration, antisense molecules can be modified such that they specifically bind to 
receptors or antigens expressed on a selected cell surface, e.g., by linking the antisense nucleic 
acid molecules to peptides or antibodies that bind to cell surface receptors or antigens. The 
antisense nucleic acid molecules can also be delivered to cells using the vectors described herein. 
To achieve sufficient intracellular concentrations of antisense molecules, vector constructs in 
which the antisense nucleic acid molecule is placed under the control of a strong pol II or pol HI 
promoter are preferred. 

In yet another embodiment, the antisense nucleic acid molecule of the invention is an 
a-anomeric nucleic acid molecule. An a-anomeric nucleic acid molecule forms specific 
double-stranded hybrids with complementary RNA in which, contrary to the usual p-units, the 
strands run parallel to each other (Gaultier et al. (1987) Nucleic Acids Res 15: 6625-6641). The 
antisense nucleic acid molecule can also comprise a 2'-o-methylribonucleotide (Inoue et al 
(ini) Nucleic Acids Res 15: 613 1-6148) or a chimeric RNA -DNA analogue Pnouee/ a/. 
(19S7)FEBS Lett 215: 327-330). 

Such modifications include, by way of nonlimiting example, modified bases, and nucleic 
acids whose sugar phosphate backbones are modified or derivatized. These modifications are 
carried out at least in part to enhance the chemical stability of the modified nucleic acid, such 
that they may be used, for example, as antisense binding nucleic acids in therapeutic applications 
in a subject. 
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NOVX Ribozymes and PNA moieties 

In still another embodiment, an antisense nucleic acid of the invention is aribozyme. 
Ribo2ymes are catalytic RNA molecules with ribonuclease activity that are capable of cleaving a 
single-stranded nucleic acid, such as a naRNA, to which they have a complementary region. 
5 Thus, ribozymes (e.g., hammerhead ribozymes (described in Haselhoff and Gerlach (1988) 
Nature 334:585-591)) can be used to catalytically cleave NOVX mORNA transcripts to thereby 
inhibit translation of NOVX mRNA. A ribozyme having specificity for a NOVX-encoding 
nucleic acid can be designed based upon the nucleotide sequence of a NOVX DNA disclosed 
herein (i.e., SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25). For example, a 
10 derivative of a Tetrahymena L-19 IVS KNA can be constructed in which the nucleotide sequence 
of the active site is complementary to the nucleotide sequence to be cleaved in a 
NOVX-encoding mRNA. See, e.g., Cech et al. U.S. Pat. No. 4,987,071; and Cech et al. U.S. 
Pat. No. 5,1 16,742. Alternatively, NOVX mRNA can be used to select a catalytic RNA having a 
specific ribonuclease activity jfrom apool of RNA molecules. See, e.g., Bartel et al., (1993) 
15 Science 261:1411-1418. 

Alternatively, NOVX gene expression can be inhibited by targeting nucleotide sequences 
complementary to the regulatory region of the NOVX (e.g., the NOVX promoter and/or 
enhancers) to form triple helical structures that prevent transcription of the NOVX gene in target 
cells. See generally, Helene. (1991) Anticancer Drug Des. 6: 569-84; Helene. etal. (1992) Ann. 
20 N.Y. Acad. Set 660:27-36; and Maher (1992) Bioassays 14: 807-15. 

In various embodiments, the nucleic acids of NOVX can be modified at the base moiety, 
sugar moiety or phosphate backbone to improve, e.g., the stability, hybridization, or solubility of 
the molecule. For example, the deoxyribose phosphate backbone of the nucleic acids can be 
modified to generate peptide nucleic acids (see Hyrup et al. (1996) Bioorg Med Chem 4: 5-23). 
25 As used herein, the terms "peptide nucleic acids" or "PNAs" refer to nucleic acid mimics, e.g. , 
DNA mimics, in which the deoxyribose phoq)hate backbone is replaced by a pseudopeptide 
back'bone and only the four natural nucleobases are retained. The neutral backbone of PNAs has 
been shown to allow for specific hybridization to DNA and RNA under conditions of low ionic 
strength. The synthesis of PNA oligomers can be performed using standard solid phase peptide 
30 synthesis protocols as described in Hyrup et al. (1996) above; Perry-O'Keefe et al (1 996) PNAS 
93: 14670-675. 
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FN As of NOVX can be used in therapeutic and diagnostic applications. For example, 
PNAs can be used as antisense or antigene agents for sequence-specific modulation of gene 
expression by, e.g., inducing transcription or translation arrest or inhibiting replication. PNAs of 
NOVX can also be used, e.g., in the analysis of single base pair mutations in a gene by, e.g., 
PNA directed PGR clamping; as artificial restriction enzymes when used in combination with 
other enzymes, e.g., SI nucleases (Hyrup B. (1996) above); or as probes or primers for DNA 
sequence and hybridization (Hyrup et al (1996), above; Perry-OTCeefe (1996), above). 

In another embodiment, PNAs of NOVX can be modified, e.g., to enhance their stability 
or cellular uptake, by attaching lipophilic or other helper groups to PNA, by the formation of 
PNA-DNA chimeras, or by the use of liposomes or other techm'ques of drug delivery known in 
the art. For example, PNA-DNA chimeras of NOVX can be generated that may combine the 
advantageous properties of PNA and DNA. Such chimeras allow DNA recognition enzymes, 
e.g., RNase H and DNA polymerases, to interact with the DNA portion while the PNA portion * 
would provide high binding affinity and specificity. PNA-DNA chimeras can be linked using 
linkers of appropriate lengths selected in terms of base stacking, number of bonds between the 
nucleobases, and orientation (Hyrup (1996) above). The synthesis of PNA-DNA chimeras can 
be performed as described in Hyrup (1996) above and Finn et aL (1 996) NucI Acids Res 24: 
3357-63. For example, a DNA chain can be synthesized on a solid support using standard 
phosphoramidite couplmg chemistry, and modified nucleoside analogs, e.g., 5*-(4-methoxytrityl) 
amino-5 -deoxy-thymidine phosphoramidite, can be used between the PNA and the 5' end of 
DNA (Mag et aL (1989) Nucl Acid Res 17: 5973-88). PNA monomers are then coupled m a 
stepwise manner to produce a chimeric molecule with a 5* PNA segment and a 3' DNA segment 
' (Finn et aL (1996) above). Alternatively, chimeric molecules can be synthesized with a 5* DNA 
segment and a 3' PNA segment. See, Petersen et aL (1975) Bioorg Med Chem Lett 5: 
1119-11124. 

In other embodiments, the oligonucleotide may include other appended groups such as 
-peptides {e.g., for targetmg host cell receptors in v/vo), or agents facilitating transport across the 
cell membrane (see, e.g., Letsinger et aL, 1989, Proc. Natl. Acad Set U.S.A. 86:6553-6556; 
Lemaitre etaL, 1987, Proc. Natl. Acad Sci. 84:648-652; PCT Publication No. W088/09810) or 
the blood-brain barrier (see, e.g., PCT Publication No. W089/10134). In addition, 
oligonucleotides can be modified with hybridization triggered cleavage agents (See, e.g., Krol et 
aL, 1988, BioTechniques 6:958-976) or intercalating agents. (See, e.g., Zon, 1988, Pharm. Res. 
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5: 539-549). To this end, the oligonucleotide may be conjugated to another molecxile, e.g., a 
peptide, a hybridization triggered cross-linking agent, a transport agent, a hybridization-triggered 
cleavage agent, etc. 

5 NO VX Polypeptides 

A NOVX polypeptide of the invention includes the NOVX-like protein whose sequence 
is provided in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. The invention also 
includes a mutant or variant protein any of whose residues may be changed from the 
corresponding residue shown in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18,20,22, 24or 26 while 

1 0 still encoding a protein that maintains its NOVX-like activities and physiological functions, or a 
functional fragment thereof. In some embodiments, up to 20% or more of the residues may be so 
changed in the mutant or variant protein. In some embodiments, the NOVX polypeptide 
' according to the invention is a mature polypeptide. 

In general, a NOVX -like variant that preserves NOVX-like function includes any variant 

15 in which residues at a particular position in the sequence have been substituted by other amino 
acids, and further include the possibility of inserting an additional residue or residues between 
two residues of the parent proteui as well as the possibility of deleting one or more residues from 
the parent sequence. Any amino acid substitution, insertion, or deletion is encompassed by the 
invention. In favorable circumstances, the substitution is a conservative substitution as defined 

20 above. 

One aspect of the invention pertains to isolated NOVX proteins, and biologically active 
portions thereof, or derivatives, fragments, analogs or homologs thereof. Also provided are 
polypeptide fragments suitable for use as immimogens to raise anti-NOVX antibodies. In one 
embodiment, native NOVX proteins can be isolated from cells or tissue sources by an 
25 appropriate purification scheme using standard protein purification techniques. In another 
embodiment, NOVX proteins are produced by recombinant DNA techniques. Alternative to 
recombinant expression, a NOVX protein or polypeptide can be synthesized chemically using 
. standard peptide synthesis techniques. 

An "isolated" or "purified" protein or biologically active portion thereof is substantially 
30 free of cellular material or other contaminating protems from the cell or tissue source from which 
the NOVX protein is derived, or substantially free from chemical precursors or other chemicals 
when chemically synthesized. The language "substantially free of cellular material" includes 
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preparations of NOVX protein in which the protein is separated from cellular components of the 
cells from which it is isolated or recombinantly produced. In one embodiment, the language 
"substantially free of cellular material" includes preparations of NOVX protein having less than 
about 30% (by dry weight) of non-NOVX protein (also referred to herein as a "contaminating 
5 protein"), more preferably less than about 20% of non-NOVX protein, still more preferably less 
than about 10% of non-NOVX protein, and most preferably less than about 5% non-NOVX 
protein. When the NOVX protein or biologically active portion thereof is recombinantly 
produced, it is also preferably substantially free of culture mediimi, culture medium 
represents less than about 20%, more preferably less than about 10%, and most preferably less 
1 0 than about 5% of the volume of the protein preparation. 

The language "substantially free of chemical precursors or other chemicals" includes 
! preparations of NOVX protein in which the protein is separated from chemical precursors or 
other chemicals that are involved in the synthesis of the protein. In one embodiment, the 
language "substantially free of chemical precursors or other chemicals" includes preparations of 
1 5 NOVX protein having less than about 30% (by dry weight) of chemical precursors or 

non-NOVX chemicals, more preferably less than about 20% chemical precursors or non-NOVX 
chemicals, still more preferably less than about 10% chemical precxirsors or non-NOVX 
chemicals, and most preferably less than about 5% chemical precursors or non-NOVX 
chemicals. 

20 Biologically active portions of a NOVX protein include peptides comprising amino acid 

sequences sufficiently homologous to or derived from the amino acid sequence of the NOVX 
protein, e.g., the amino acid sequence shown in SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 
'24 or 26 that include fewer amino acids than the full length NOVX proteins, and exhibit at least 
one activity of a NOVX protein. Typically, biologically active portions comprise a domain or 

25 motif with at least one activity of the NOVX protein. A biologically active portion of a NOVX 
protein can be a polypeptide which is, for example, 10, 25, 50, 100 or more amino acids in 
length. 

A biologically active portion of a NOVX protein of the present invention may contain at 
least one of the above-identified domains conserved between the NOVX protems, e.g. TSR 
30 modules. Moreover, other biologically active portions, in which other regions of the protein are 
deleted, can be prepared by recombinant techniques and evaluated for one or more of the 
fimctional activities of a native NOVX protein. 
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In an embodiment, the NOVX protein has an amino acid sequence shown in SEQ ID NO: 

2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. In other embodiments, the NOVX protein is 

substantially homologous to SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 and 

retains the functional activity of the protein of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 

5 24 or 26 yet differs in amino acid sequence due to natural allelic variation or mutagenesis, as 

described m detail below. Accordingly, in another embodiment, the NOVX protein is a protem 

that comprises an amino acid sequence at least about 45% homologous to the amino acid 

sequence of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 and retains the functional 

activity of the NOVX proteins of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26. 

10 

Determining homology between two or more sequence 

To determine the percent homology of two amino acid sequences or of two nucleic acids, 
the sequences are aligned for optimal comparison purposes (e.g., gaps can be introduced in either 
of the sequences being compared for optimal alignment between the sequences). The amino acid 

15 residues or nucleotides at corresponding amino acid positions or nucleotide positions are then 
compared. When a position in the first sequence is occtipied by the same amino acid residue or 
nucleotide as the corresponding position in the second sequence, then the molecules are 
homologous at that position (i.e., as used herein amino acid or nucleic acid "homology" is 
equivalent to amino acid or nucleic acid "identity"). 

20 The nucleic acid sequence homology may be determined as the degree of identity 

between two sequences. The homology may be determined using computer programs known in 
the art, such as GAP software provided in the GCG program package. See, Needleman and 
Wunsch 1970 JMol Biol 48: 443-453. Using GCG GAP software with the following settings for 
nucleic acid sequence comparison: GAP creation penalty of 5.0 and GAP extension penalty of 

25 0.3, the coding region of the analogous nucleic acid sequences referred to above exhibits a degree 
of identity preferably of at least 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99%, with the CDS 
(encoding) part of the DNA sequence shown in SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 
23 or 25. 

The term "sequence identity" refers to the degree to which two piolynucleotide or 
30 polypeptide sequences are identical on a residue-by-residue basis over a particular region of 
comparison. The term "percentage of sequence identity" is calculated by comparing two 
optimally aligned sequences over that region of comparison, determining the number of positions 
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at which the identical nucleic acid base (e.g.. A, T, C, G, U, or I, in the case of nucleic acids) 

occurs in both sequences to yield the number of matched positions, dividing the number of 

matched positions by the total number of positions in the region of comparison (/.e., the window 

size), and muhiplying the result by 1 00 to yield the percentage of sequence identity. The term 

5 "substantial identity" as used herein denotes a characteristic of a polynucleotide sequence, 

wherein the polynucleotide comprises a sequence that has at least 80 percent sequence identity, 

preferably at least 85 percent identity and often 90 to 95 percent sequence identity, more usually 

at least 99 percent sequence identity as compared to a reference sequence over a comparison 

region. The term "percentage of positive residues" is calculated by comparing two optimally 

1 0 aligned sequences over that region of comparison, determining the number of positions at which 

the identical and conservative amino acid substitutions, as defined above, occur in both 

sequences to yield the number of matched positions, dividing the number of matched positions 

by the total nimiber of positions in the region of comparison (i.e., the window size), and 

multiplying the result by 1 00 to yield the percentage of positive residues. 

15 

Chimeric and fusion proteins 

The invention also provides NOVX chimeric or fusion proteins. As used herein, a 
NOVX "chimeric protein" or "fusion protein" comprises a NOVX polypeptide operatively linked 
to a non-NOVX polypeptide. An "NOVX polypeptide" refers to a polypeptide having an amino 

20 acid sequence corresponding to NOVX, whereas a "non-NOVX polypeptide" refers to a 

polypeptide having an amino acid sequence corresponding to a protein that is not substantially 
homologous to the NOVX protein, e.g., a protein that is different from the NOVX protein and 
that is derived from the same or a different organism. Within a NOVX fusion protein the NOVX 
polypeptide can correspond to all or a portion of a NOVX protein. In one embodiment, a NOVX 

25 fusion protein comprises at least one biologically active portion of a NOVX protein. In another 
embodiment, a NOVX fusion protein comprises at least two biologically active portions of a 
NOVX protein. Within the fusion protein, the teim "operatively linked" is intended to indicate 
that the NOVX polypeptide and the non-NOVX polypeptide are fused in-frame to each other. 
The non-NOVX polypeptide can be fused to the N-terminus or C-terminus of the NOVX 

30 polypeptide. 

For example, in one embodiment a NOVX fusion protein comprises a NOVX polypeptide 
operably linked to the extracellular domain of a second protein. Such fusion proteins can be 
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further utilized in screening assays for compounds that modulate NOVX activity (such assays are 

described in detail below). 

In another embodiment, the fusion protein is a GST-NOVX fusion protein in which the 

NOVX sequences are fused to the C-terminus of the GST (i.e., glutathione S-transferase) 

5 sequences. Such fusion proteins can facilitate the purification of recombinant NOVX. 

In another embodiment, the fusion protein is aNOVX-immunoglobulin fusion protein in 

which the NOVX sequences comprising one or more domains are fused to sequences derived 

from a member of the immunoglobulin protein family. The NOVX-immimoglobulin fusion 

proteins of the invention can be incorporated into pharmaceutical compositions and administered 

10 to a subject to inhibit an interaction between a NOVX ligand and a NOVX protein on the surface 

of a cell, to thereby suppress NOVX-mediated signal transduction in vivo. In one nonlimiting 

example, a contemplated NOVX ligand of the invention is the NOVX receptor. The 

' NOVX-immunoglobulin fusion proteins can be used to affect the bioavailability of a NOVX 

cognate ligand. Inhibition of the NOVX ligand/NOVX interaction may be useful therapeutically 

15 for both the treatment of proliferative and dijfferentiative disorders, e,g,, cancer as well as 

niodulating (e.g., promoting or inhibiting) cell survival, as well as acute and chronic 

inflammatory disorders and hyperplastic woimd healing, e.g. hypertrophic scars and keloids. 

Moreover, the NOVX-immunoglobulin fusion proteins of the invention can be used as 

immunogens to produce anti-NOVX antibodies in a subject, to purify NOVX ligands, and in 

20 screening assays to identify molecules that inhibit the interaction of NOVX with a NOVX ligand. 

A NOVX chimeric or fusion protein of the invention can be produced by standard 

recombinant DNA techniques. For example, DNA fragments coding for the different 

polypeptide sequences are ligated together in-frame in accordance with conventional techniques, 

e.g., by employing blunt-ended or stagger-ended termini for ligation, restriction enzyme 

25 digestion to provide for appropriate termini, filling-in of cohesive ends as appropriate, alkaline 

phosphatase treatment to avoid undesirable joining, and enzymatic ligation. In another 

embodiment, the fusion gene can be synthesized by conventional techniques including automated 

DNA synthesizers. Alternatively, PGR amplification of gene fragments can be carried out using 

anchor primers that give rise to complementary overhangs between two consecutive gene 

30 fragments that can subsequently be aimealed and reamplified to generate a chimeric gene 

sequence (see, for example, Ausubel et al. (eds.) Current Protocols in Molecular Biology, 

John Wiley & Sons, 1992). Moreover, many expression vectors are commercially available that 
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already encode a fusion moiety (e.g., a GST polypeptide). A NOVX-encoding nucleic acid can 

be cloned into such an expression vector such that the fusion moiety is linked in-frame to the 

NOVX protein. 

S NOVX agonists and antagonists 

The present invention also pertains to variants of the NOVX proteins that function as 
either NOVX agonists (mimetics) or as NOVX antagonists. Variants of the NOVX protein can 
be generated by mutagenesis, eg., discrete point mutation or truncation of the NOVX protein. 
An agonist of the NOVX protein can retain substantially the same, or a subset of, the biological 
. 1 0 activities of the naturally occurring form of the NOVX protein. An antagonist of the NOVX 
protein can inhibit one or more of the activities of the naturally occurring form of the NOVX 
! protein by, for example, competitively binding to a downstream or upstream member of a 
cellular signaling cascade which includes the NOVX protein. Thus, specific biological effects 
can be elicited by treatment with a variant of limited function. In one embodiment, treatment of 
15 a subject with a variant having a subset of the biological activities of the naturally occurring form 
of the protein has fewer side effects in a subject relative to treatment with the naturally occurring 
form of the NOVX proteins. 

Variants of the NOVX protein that function as either NOVX agonists (mimetics) or as 
NOVX antagonists can be identified by screening combinatorial libraries of mutants, e.g., 
20 truncation mutants, of the NOVX protein for NOVX protein agonist or antagonist activity. In 
one embodiment, a variegated library of NOVX variants is generated by combinatorial 
mutagenesis at the nucleic acid level and is encoded by a variegated gene library. A variegated 
library of NOVX variants can be produced by, for example, enzymatically ligating a mixture of 
synthetic oligonucleotides into gene sequences such that a degenerate set of potential NOVX 
25 sequences is expressible as individual polypeptides, or alternatively, as a set of larger fusion 
proteins (e.g., for phage display) containing the set of NOVX sequences therein. There are a 
variety of methods which can be used to produce libraries of potential NOVX variants from a 
degenerate oligonucleotide sequence. Chemical synthesis of a degenerate gene sequence can be 
performed in an automatic DNA synthesizer, and the synthetic gene then ligated into an 
30 appropriate expression vector. Use of a degenerate set of genes allows for the provision, in one 
mixture, of all of the sequences encoding the desired set of potential NOVX sequences. Methods 
for synthesizing degenerate oligonucleotides are known in the art (see, e.g., Narang (1983) 
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Tetrahedron 39:3 ; Italoira et al ( 1 984) Annu Rev Biochem 53 :323; Itakura et aL (1 984) Science 

198:1056; Ike et aL {\9%3) Nucl Acid Res 11:477. 



Polypeptide libraries 

5 In addition, libraries of fragments of the NOVX protein coding sequence can be used to 

generate a variegated population of NOVX fragments for screening and subsequent selection of 
variants of a NOVX protein. In one embodiment, a library of coding sequence fragments can be 
generated by treating a double stranded PGR fragment of a NOVX coding sequence with a 
nuclease under conditions wherein nicking occurs only about once per molecule, denaturing the 

10 double stranded DNA, renaturing the DNA to form double stranded DNA that can include 

sense/anti sense pairs from different nicked products, removing single stranded portions from 
reformed duplexes by treatment with SI nuclease, and ligating the resulting fragment library into 
an expression vector. By this method, an expression library can be derived which encodes 
N-terminal and intemal fragments of various sizes of the NOVX protein. 

1 5 Several techniques are known in the art for screening gene products of combinatorial 

libraries made by point mutations or truncation, and for screening cDNA libraries for gene 
products having a selected property. Such techniques are adaptable for rapid screening of the 
gene libraries generated by the combinatorial mutagenesis of NOVX proteins. The most widely 
used techniques, which are amenable to high throughput analysis, for screening large gene 

20 libraries typically include cloning the gene library into replicable expression vectors, 
transforming appropriate cells with the resulting library of vectors, and expressing the 
combinatorial genes under conditions in which detection of a desired activity facilitates isolation 
of the vector encoding the gene whose product was detected. Recrusive ensemble mutagenesis 
(REM), a new technique that enhances the frequency of functional mutants in the libraries, can 

25 be used in combination with the screening assays to identify NOVX variants (Arkin and Yourvan 
(1992) PNAS 89:7811-7815; Delgrave etal (1993) Protem Engmeering 6:327-331). 

NOVX Antibodies 

Also included in the invention are antibodies to NOVX proteins, or fragments of NOVX 
30 proteins. The term "antibody" as used herein refers to immunoglobulin molecules and 

immunologically active portions of immunoglobulin (Ig) molecules, i.e., molecules that contain 
an antigen binding site that specifically binds (immunoreacts with) an antigen. Such antibodies 
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include, but are not limited to, polyclonal, monoclonal, chimeric, single chain, F^^^ F^^, and F(ab')2 

fragments, and an Fgi, expression library. In general, an antibody molecule obtained from 

humans relates to any of the classes IgG, IgM, IgA, IgE and IgD, which differ from one another 

by the nature of the heavy chain present in the molecule. Certain classes have subclasses as well, 

5 such as IgG|, IgGj, and others. Furthermore, in humans, the light chain may be a kappa chain or 

a lambda chain. Reference herein to antibodies includes a reference to all such classes, 

subclasses and types of human antibody species. 

An isolated NOVX-related protein of the invention may be intended to serve as an 

antigen, or a portion or fragment thereof, and additionally can be used as an immunogen to 

10 generate antibodies that immunospecifically bind the antigen, using standard techniques for 
polyclonal and monoclonal antibody preparation. The full-length protein can be used or, 
alternatively, the invention provides antigenic peptide fragments of the antigen for use as 
immunogens* An antigenic peptide fragment comprises at least 6 amino acid residues of the 
amino acid sequence of the frill length protein, such as an amino acid sequence shown in SEQ ID 

15 NO: 2, 4, 6 ,8 ,10, 12, 14, 16, 18, or 20, and encompasses an epitope thereof such that an 

antibody raised against the peptide forms a specific immune complex with the frill length protein 
or v^dth any fragment that contains the epitope. Preferably, the antigenic peptide comprises at 
least 10 amino acid residues, or at least 15 amino acid residues, or at least 20 amino acid 
residues, or at least 30 amino acid residues. Preferred epitopes encompassed by the antigenic 

20 . peptide are regions of the protein that are located on its surface; commonly these are hydrophilic 
regions. 

In certain embodiments of the invention, at least one epitope encompassed by the 
antigenic peptide is a region of NOVX-related protein that is located on the surface of the 
protein, e.g., a hydrophilic region. A hydrophobicity analysis of the human NOVX-related 

25 protein sequence will indicate which regions of a NOVX-related protein are particularly 

hydrophilic and, therefore, are likely to encode surface residues usefril for targeting antibody 
production. As a means for targeting antibody production, hydropathy plots showing regions of 
hydrophilicity and hydrophobicity may be generated by any method well known in the art, 
including, for example, the Kyte Doolittle or the Hopp Woods methods, either with or vwthout 

30 Fourier transformation. See, e.g., Hopp and Woods, 1 981 , Proc. Nat. Acad ScL USA 78: 3824- 
3828; Kyte and Doolittle 1982, X Mol BioL 157: 105-142, each of which is incorporated herem 
by reference in its entirety. Antibodies that are specific for one or more domains within an 
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antigenic protein, or derivatives, fragments, analogs or homologs thereof, are also provided 

herein. 

A protein of the invention, or a derivative, fragment, analog, homolog or ortholog thereof, 
may be utilized as an immnnogen in the generation of antibodies that immxmospecifically bind 
5 these protein components. 

Various procedures known within the art may be used for the production of polyclonal or 
monoclonal antibodies directed against a protein of the invention, or against derivatives, 
fragments, analogs homologs or orthologs thereof (see, for example. Antibodies: A Laboratory 
Manual, Harlow E, and Lane D, 1 988, Cold Spring Harbor Laboratory Press, Cold Spring 
1 0 Harbor, NY, incorporated herein by reference). Some of these antibodies are discussed below. 



Polyclonal Antibodies 

For the production of polyclonal antibodies, various suitable host animals (e.g., rabbit, 
goat, mouse or other mammal) may be immunized by one or more injections with the native 

1 5 protein, a synthetic variant thereof, or a derivative of the foregoing. An appropriate 

inmiunogenic preparation can contain, for example, the naturally occurring immimogenic 
protein, a chemically synthesized polypeptide representing the immunogenic protein, or a 
recombinantly expressed immunogenic protein. Furthermore, the protein may be conjugated to 
a second protein known to be immunogenic in the mammal being immunized. Examples of such 

20 immunogenic proteins include but are not limited to keyhole limpet hemocyanin, serum albumin, 
bovine thyroglobulin, and soybean trypsin inhibitor. The preparation can further include an 
adjuvant. Various adjuvants used to increase the immunological response include, but are not 
limited to, Freund's (complete and incomplete), mineral gels (e.g., aluminum hydroxide), surface 
active substances (e.g., lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, 

25 dinitrophenol, etc.), adjuvants usable in humans such as Bacille Calmette-Guerin and 

Corynebacterium parvum, or similar immunostimulatory agents. Additional examples of 
adjuvants which can be employed include MPL-TDM adjuvant (monophosphoryl Lipid A, 
synthetic trehalose dicorynomycolate). 

The polyclonal antibody molecules directed against the immunogenic protein can be 

30 isolated from the mammal (e.g., from the blood) and further purified by well known techniques, 
such as affinity chromatography using protein A or protein G, which provide primarily the IgG 
fraction of immune serum. Subsequently, or alternatively, the specific antigen which is the target 
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of the immunoglobulin sought, or an epitope thereof, may be immobilized on a column to purify 
the immune specific antibody by immunoaffinity chromatography. Pvuification of 
inununoglobulins is discussed, for example, by D. Wilkinson (The Scientist, published by The 
Scientist, Inc., Philadelphia PA, Vol. 14, No. 8 (April 17, 2000), pp. 25-28). 

5 

Monoclonal Antibodies 

The term "monoclonal antibody" (MAb) or "monoclonal antibody composition", as used 
' herein, refers to a population of antibody molecules that contain only one molecular species of 
antibody molecule consisting of a unique light chain gene product and a unique heavy chain 
1 0 gene product. In particular, the complementarity determining regions (CDRs) of the monoclonal 
antibody are identical in all the molecules of the population. MAbs thus contain an antigen 
i binding site capable of immimoreacting with a particular epitope of the antigen characterized by 
a unique binding affmity for it. 

Monoclonal antibodies can be prepared using hybridoma methods, such as those 
1 5 described by Kohler and Milstein, Nature. 256:495 (1 975). In a hybridoma method, a mouse, 
hamster, or other appropriate host animal, is typically immunized with an immunizmg agent to 
elicit lymphocj^es that produce or are capable of producing antibodies that will specifically bind 
to the immunizing agent. Alternatively, the lymphocytes can be immxinized in vitro. 

The immunizing agent will typically include the protein antigen, a fi-agment thereof or a 
20 fusion protein thereof. Generally, either peripheral blood lymphocytes are used if cells of human 
origin are desired, or spleen cells or lymph node cells are used if non-human mammalian sources 
are desired. The lymphocytes are then fused with an immortalized cell line using a suitable 
fusing agent, such as polyethylene glycol, to form a hybridoma cell (Coding, Monoclonal 
Antibodies: Principles and Practice. Academic Press, (1986) pp. 59-103). Immortalized cell lines 
25 are usually transformed mammalian cells, particularly myeloma cells of rodent, bovine and 

human origin. Usually, rat or mouse myeloma cell lines are employed. The hybridoma cells can 
be cultured in a suitable culture medium that preferably contains one or more substances that 
inhibit the growdi or survival of the unfused, immortalized cells. For example, if the parental 
cells lack the en^me hypoxanthine guanine phosphoribosyl transferase (HGPRT or HPRT), the 
30 culture medium for the hybridomas typically will include hypoxanthine, aminopterin, and 

thymidine ("HAT medium"), which substances prevent the growth of HGPRT-deficient cells. 
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Preferred immortalized cell lines are those that fuse efficiently, support stable high level 

expression of antibody by the selected antibody-producmg cells, and are sensitive to a medium 

such as HAT medium. More preferred immortalized cell lines are murine myeloma lines, which 

can be obtained, for instance, from the Salk Institute Cell Distribution Center, San Diego, 

5 California and the American Type Culture Collection, Manassas, Virginia, Human myeloma and 

mouse-human heteromyeloma cell lines also have been described for the production of human 

monoclonal antibodies (Kozbor, J. Immunol., 133:3001 (1984); Brodeur et al.. Monoclonal 

Antibody Production Techniques and Applications, Marcel Dekker, Inc., New York, (1987) pp. 

51-63). 

1 0 The culture medium in which the hybridoma cells are cultured can then be assayed for the 

presence of monoclonal antibodies directed against the antigen. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma cells is determined by 
immunoprecipitation or by an in vitro bindmg assay, such as radioimmunoassay (RIA) or 
en2yme-linked immraoabsorbent assay (ELISA). Such techniques and assays are known in the 

15 art. The binding affinity of the monoclonal antibody can, for example, be determined by the 
Scatchard analysis of Munson and Pollard, Anal. Biochem.. 107:220 (1980), Preferably, 
antibodies having a high degree of specificity and a high binding affinity for the target antigen 
are isolated. 

After the desired hybridoma cells are identified, the clones can be subcloned by limiting 
20 dilution procedxrres and grown by standard methods. Suitable culture media for this purpose 
include, for example, Dulbecco's Modified Eagle's Medium and RPMI-1640 medium. 
Alternatively, the hybridoma cells can be grown iv vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones can be isolated or purified from the 
culture medium or ascites fluid by conventional incununoglobulin pxmfication procedures such as, 
25 for example, protem A-Sepharose, hydroxylapatite chromatography, gel electrophoresis, dialysis, 
or affinity chromatography. 

"""" The monoclonal antibodies can also be made by recombinant DNA methods, such as 
those described in U.S. Patent No. 4,816,567. DNA encoding the monoclonal antibodies of the 
invention can be readily isolated and sequenced using conventional procedures (e.g., by using 
30 oligonucleotide probes that are capable of binding specifically to genes encoding the heavy and 
light chains of murine antibodies). The hybridoma cells of the invention serve as a preferred 
source of such DNA. Once isolated, the DNA can be placed into expression vectors, which are 
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then transfected into host cells such as simian COS cells, Chinese hamster ovary (CHO) cells, or 

myeloma cells that do not otherwise produce immunoglobulin protein, to obtain the synthesis of 

monoclonal antibodies in the recombinant host cells. The DNA also can be modified, for 

example, by substituting the coding sequence for human heavy and light chain constant domains 

5 in place of the homologous murine sequences (U.S. Patent No. 4,8 1 6,567; Morrison, Nature 368, 

812-13 (1994)) or by covalently joining to the immunoglobulin coding sequence all or part of the 

coding sequence for a non-inununoglobulin polypeptide. Such a non-immunoglobulin 

polypeptide can be substituted for the constant domains of an antibody of the invention, or can be 

substituted for the variable domains of one antigen-combining site of an antibody of the 

1 0 invention to create a chimeric bivalent antibody. 

Humanized Antibodies 

The antibodies directed against the protein antigens of the invention can fiirther comprise 
humanized antibodies or human antibodies. These antibodies are suitable for administration to 

1 5 humans without engendering an immune response by the human against the administered 
immimoglobulin. Humanized forms of antibodies are chimeric immunoglobulins, 
immunoglobulin chains or fiagments thereof (such as Fv, Fab, Fab', F(ab*)2 or other antigen- 
binding subsequences of antibodies) that are principally comprised of the sequence of a human 
immunoglobulin, and contain minimal sequence derived from a non-human immunoglobulin. 

20 Humanization can be performed following the method of Winter and co-workers (Jones et al.. 
Nature. 321:522-525 (1986); Riechmann et al.. Nature, 332:323-327 (1988); Verhoeyen et al.. 
Science, 239:1534-1536 (1988)), by substituting rodent CDRs or CDR sequences for the 
corresponding sequences of a human antibody. (See also U.S. Patent No. 5,225,539.) In some 
instances, Fv framework residues of the human immunoglobulin are replaced by corresponding 

25 non-human residues. Humanized antibodies can also comprise residues which are found neither 
in the recipient antibody nor in the imported CDR or framework sequences. In general, the 
humanized antibody will comprise substantially all of at least one, and typically two, variable 
domains, in which all or substantially all of the CDR regions correspond to those of a non-human 
immimoglobulin and all or substantially all of the framework regions are those of a human 

30 immimoglobulin consensus sequence. The humanized antibody optimally also will comprise at 
least a portion of an inrniunoglobulin constant region (Fc), typically that of a hxmaan 
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immunoglobulin (Jones et ah, 1986; Riechmann et al., 1988; and Presta, Curr. Op. Struct. Biol 

2:593-596 (1992)). 



Human Antibodies 

5 Fully htiman antibodies relate to antibody molecules in which essentially the entire 

sequences of both the light chain and the heavy chain, including the CDRs, arise from human 
genes. Such antibodies are termed "human antibodies", or "fully human antibodies" herein. 
Human monoclonal antibodies can be prepared by the trioma technique; the human B-cell 
hybridoma technique (see Kozbor, et al., 1983 Immunol Today 4: 72) and the EBV hybridoma 

10 technique to produce himian monoclonal antibodies (see Cole, et al., 1985 In: MOMOCXONAL 
Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). Human monoclonal 
antibodies may be utilized in the practice of the present invention and may be produced by using 
= human hybridomas (see Cote, et al., 1 983. Proc Natl Acad Sci USA 80: 2026-2030) or by 
transforming human B-cells with Epstein Barr Virus in vitro (see Cole, et al., 1985 In: 

1 5 Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc., pp. 77-96). 

In addition, human antibodies can also be produced using additional techniques, 
including phage display libraries (Hoogenboom and Winter, J. Mol. Biol.. 227:381 (1991); 
Marks et al., J. Mol. Biol.. 222:581 (1991)). Similarly, human antibodies can be made by 
introducing human inmiunoglobulin loci into transgenic animals, e.g., mice in which the 

20 endogenous inmiunoglobulin genes have been partially or completely inactivated. Upon 

challenge, human antibody production is observed, which closely resembles that seen in humans 
in all respects, including gene rearrangement, assembly, and antibody repertoire. This approach 
is described, for example, m U.S. Patent Nos. 5,545,807; 5,545,806; 5,569,825; 5,625,126; 
5,633,425; 5,661,016, and in Marks et al. fBio/Technologv 10. 779-783 (1992)); Lonberg et al. 

25 (Nature 368 856-859 (1994)); Morrison ( Nature 368, 812-13 (1994)); Fishwild et al,( Nature 
Biotechnology 14, 845-5 1 (1996)); Neuberger (Nature Biotechnology 14, 826 (1996)); and 
Lonterg and Huszar (Intern, Rev. Immunol. 13 65-93 (1995)). 

Human antibodies may additionally be produced using transgenic nonhuman animals 
which are modified so as to produce fully himian antibodies rather than the animal's endogenous 

30 antibodies in response to challenge by an antigen. (See PCT puWication WO94/02602). The 

endogenous genes encoding the heavy and light immunoglobulin chains in the nonhimian host 
have been incapacitated, and active loci encoding hvmian heavy and light chain immunoglobulins 
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are inserted into the host's genome. The human genes are incorporated, for example, using yeast 
artificial chromosomes containing the requisite human DNA segments. An animal which 
provides all the desired modifications is then obtained as progeny by crossbreeding intermediate 
transgenic animals containing fewer than the fiill complement of the modifications. The 
preferred embodiment of such a nonhuman animal is a mouse, and is termed the Xenomouse™ as 
disclosed in PCT publications WO 96/33735 and WO 96/34096. This animal produces B cells 
which secrete fiiUy human immunoglobulins. The antibodies can be obtained directly from the 
animal after immunization with an immunogen of interest, as, for example, a preparation of a 
polyclonal antibody, or alternatively from immortalized B cells derived from the animal, such as 
hybridomas producing monoclonal antibodies. Additionally, the genes encoding the 
immimoglobulins with human variable regions can be recovered and expressed to obtain the 
antibodies directly, or can be fiirther modified to obtain analogs of antibodies such as, for 
example, single chain Fv molecules. 

An example of a method of producing a nonhuman host,, exemplified as a mouse, lacking 
expression of an endogenous immimoglobulin heavy chain is disclosed in U.S. Patent No. 
5,939,598. It can be obtained by a method including deleting the J segment genes from at least 
one endogenous heavy chain locus in an embryonic stem cell to prevent rearrangement of the 
locus and to prevent formation of a transcript of a rearranged immunoglobulin heavy chain locus, 
the deletion being effected by a targeting vector containing a gene encoding a selectable marker; 
and producing from the embryonic stem cell a transgenic mouse whose somatic and germ cells 
contain the gene encoding the selectable marker. 

A method for producing an antibody of interest, such as a human antibody, is disclosed in 
U.S. Patent No. 5,91 6,771 . It includes introducing an expression vector that contains a 
nucleotide sequence encoding a heavy chain into one mammalian host cell in culture, introducing 
an expression vector containing a nucleotide sequence encoding a hght chain into another 
mammalian host cell, and fusing the two cells to form a hybrid cell. The hybrid cell expresses an 
antibody containing the heavy chain and the light chain. 

In a further improvement on this procedure, a method for identifying a clinically relevant 
epitope on an inununogen, and a correlative method for selecting an antibody that binds 
immunospecifically to the relevant epitope with high affinity, are disclosed in PCT publication 
WO 99/53049. 
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Fab Fragments and Single Chain Antibodies 

According to the invention, techniques can be adapted for the production of single-chain 
antibodies specific to an antigenic protein of the invention (see e.g., U.S. Patent No. 4,946,778). 
In addition, methods can be adapted for the construction of F.^, expression Hbraries (see e.g., 
5 Huse, et al., 1989 Science 246: 1275-1281) to allow rapid and effective identification of 

monoclonal F^y fragments with the desired specificity for a protein or derivatives, fragments, 
analogs or homologs thereof. Antibody fragments that contain the idiotypes to a protein antigen 
may be produced by techniques known in the art including, but not limited to: (i) an F^a,,^ 
fragment produced by pepsin digestion of an antibody molecule; (ii) an F^, fragment generated 
1 0 by reducing the disulfide bridges of an F^^^r^2 fragment; (iii) an F^^ fragment generated by the 
treatment of the antibody molecule with papain and a reducing agent and (iv) F^ fragments, 

, Bispecific Antibodies 

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that 

15 have binding specificities for at least two different antigens. In the present case, one of the 

binding specificities is for an antigenic protein of the invention. The second binding target is any 
other antigen, and advantageously is a cell-surface protein or receptor or receptor subunit. 

Methods for making bispecific antibodies are known in the art. Traditionally, the 
recombinant production of bispecific antibodies is based on the co-expression of two 

20 immunoglobulin heavy-chain/light-chain pairs, where the two heavy chains have different 
specificities (Milstein and Cuello, Nature. 305:537-539 (1983)). Because of the random 
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas) produce a 
potential mixture often different antibody molecules, of which only one has the correct 
bispecific structure. The purification of the correct molecule is usually accomplished by affinity 

25 chromatography steps. Similar procedures are disclosed in WO 93/08829, published 13 May 
1993, and m Traunecker et al, 1991 EMBOJ., 10:3655-3659. 

. Antibody variable domains with the desired bmding specificities (antibody-antigen 
combining sites) can be fused to immunoglobulin constant domain sequences. The fusion 
preferably is with an immunoglobulin heavy-chain constant domain, comprising at least part of 

30 the hinge, CH2, and CH3 regions. It is preferred to have the first heavy-chain constant region 
(CHI) containing the site necessary for light-chain bindmg present in at least one of the fusions. 
DNAs encoding the immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin 
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light chain, are inserted into separate expression vectors, and are co-transfected into a suitable 
host organism. For further details of generating bispecific antibodies see, for example, Suresh et 
al.. Methods in Enzvmolog v. 121:210 (1986). 

According to another approach described in WO 96/2701 1, the interface between a pair 
5 of antibody molecules can be engineered to maximize the percentage of heterodimers which are 
recovered from recombinant cell culture. The preferred interface comprises at least a part of the 
CH3 region of an antibody constant domain. In this method, one or more small amino acid side 
chains from the interface of the first antibody molecule are replaced with larger side chains (e.g. 
tyrosine or tryptophan). Compensatory "cavities" of identical or similar size to the large side 
10 cham(s) are created on the interface of the second antibody molecule by replacing large amino 
acid side chains with smaller ones (e.g. alanine or threonine). This provides a mechanism for 
! increasing the yield of the heterodimer over other unwanted end-products such as homodimers. 

Bispecific antibodies can be prepared as full length antibodies or antibody fragments (e.g. 
F(ab')2 bispecific antibodies). Techniques for generating bispecific antibodies from antibody 
1 5 fragments have been described in the literature. For example, bispecific antibodies can be 

prepared using chemical linkage. Brennan et al.. Science 229:81 (1985) describe a procedure 
wherein intact antibodies are proteolytically cleaved to generate F(ab*)2 fragments. These 
fragments are reduced in the presence of the dithiol complexing agent sodium arsenite to 
stabilize vicinal dithiols and prevent intermolecular disulfide formation. TTie Fab' fragments 
20 generated are then converted to thionitrobenzoate (TNB) derivatives. One of the Fab'-TNB 
derivatives is then reconverted to the Fab'-thiol by reduction with mercaptoethylamine and is 
mixed with an equunolar amount of the other Fab'-TNB derivative to form the bispecific 
antibody. The bispecific antibodies produced can be used as agents for the selective 
immobilization of enzymes. 
25 Additionally, Fab' fragments can be directly recovered from E. coM and chemically 

coupled toform bispecific antibodies. Shalaby et al., J. Exp. Med. 175:217-225 (1992) describe 
the production of a fiiUy humanized bispecific antibody F(ab')2 molecule. Each Fab* fragment 
was separately secreted from E. coli and subjected to directed chemical coupling in vitro to form 
the bispecific antibody. The bispecific antibody thus fomied was able to bind to cells 
30 overexpressing the ErbB2 receptor and normal human T cells, as well as trigger the lytic activity 
of human cytotoxic lymphocytes against human breast tumor targets. 
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Various techniques for making and isolating bispecific antibody fragments directly from 
recombinant cell culture have also been described. For example, bispecific antibodies have been 
produced using leucine zippers. Kostelny et aL, J. Immunol. 148(5):1 547-1 553 (1992). The 
leucine zipper peptides from the Fos and Jun proteins were linked to the Fab' portions of two 
5 different antibodies by gene fiision. The antibody homodimers were reduced at the hinge region 
to form monomers and then re-oxidized to form the antibody heterodimers. This method can 
also be utilized for the production of antibody homodimers* The "diabody" technology described 
by Hollinger et aL, Proc. Natl. Acad. Sci. USA 90:6444-6448 (1993) has provided an alternative 
mechanism for making bispecific antibody fragments. The fragments comprise a heavy-chain 
1 0 variable domain (Vh) connected to a light-chain variable domain (VJ by a linker which is too 
short to allow pairing between the two domains on the same chain. Accordingly, the and Vl 
domains of one fragment are forced to pair with the complementary Vl and Vh domains of 
another fragment, thereby forming two antigen-binding sites. Another strategy for making 
bispecific antibody fragments by the use of single-chain Fv (sFv) dimers has also been reported. 
15 See, Gruber et aL, J. Immunol. 152:5368 (1994). 

Antibodies with more than two valencies are contemplated. For example, trispecific 
antibodies can be prepared. Tutt et al., J. Immimol. 147:60 (1 991). 

Exemplary bispecific antibodies can bind to two different epitopes, at least one of which 
originates in tihe protein antigen of the invention. Alternatively, an anti-antigenic arm of an 
20 inununoglobulm molecule can be combined with an arm which binds to a triggering molecule on 
a leukocyte such as a T-cell receptor molecule (e.g. CD2, CD3, CD28, or B7), or Fc receptors for 
IgG (Fc R), such as Fc RI (CD64), Fc RII (CD32) and Fc RIII (GDI 6) so as to focus cellular 
defense mechanisms to the cell expressing the particular antigen. Bispecific antibodies can also 
be used to direct cytotoxic agents to cells which express a particular antigen. These antibodies 
25 possess an antigen-binding arm and an arm which binds a cytotoxic agent or a radionucUde 

chelator, such as EOTUBE, DPTA, DOTA, or TETA. Another bispecific antibody of interest 
bmds the protein antigen described herein and fiirther binds tissue factor (TF). 



Heterocon jugate Antibodies 

30 Heteroconjugate antibodies are also within the scope of the present invention. 

Heteroconjugate antibodies are composed of two covalently joined antibodies. Such antibodies 
have, for example, been proposed to target immune system cells to unwanted cells (U.S. Patent 

94 



BNSDOCID: <WO 01S1632A3 IA> 



wo 01/051632 PCT/USOl/01513 
No. 4,676,980), and for treatment of HIV infection (WO 91/00360; WO 92/200373; EP 03089). 
It is contemplated that the antibodies can be prepared in vitro using known methods in synthetic 
protein chemistry, including those involving crosslinking agents. For example, immunotoxins 
can be constructed using a disulfide exchange reaction or by forming a thioether bond. Examples 
of suitable reagents for this purpose include iminothiolate and methyl-4-mercaptobutyrimidate 
and those disclosed, for example, in U.S. Patent No. 4,676,980. 

EfTector Function Engineering 

It can be desirable to modify the antibody of the invention with respect to eflFector 
fiinction, so as to enhance, e.g., the effectiveness of the antibody in treating cancer. For example, 
cysteine residue(s) can be introduced into the Fc region, thereby allowing interchain disulfide 
bond formation in this region. The homodimeric antibody thus generated can have improved 
internalization capability and/or increased complement-mediated cell killing and antibody- 
dependent cellular cytotoxicity (ADCC). See Caron et al., J. Exp Med., 176: 119M 195 (1992) 
and Shopes, J. Immunol., 148: 2918-2922 (1992). Homodimeric antibodies with enhanced anti- 
tumor activity can also be prepared using heterobifiinctional cross-linkers as described in Wolflf 
et aL Cancer Research, 53: 2560-2565 (1993). Alternatively, an antibody can be engineered that 
has dual Fc regions and can thereby have enhanced complement lysis and ADCC capabilities. 
See Stevenson et al., Anti-Cancer Drug Design, 3: 219-230 (1989). 

Immunoconjugates 

The invention also pertains to immunoconjugates comprising an antibody conjugated to a 
cytotoxic agent such as a chemotherapeutic agent, toxin (e.g., an enzymatically active toxin of 
bacterial, fimgal, plant, or animal origin, or fi-agments thereof), or a radioactive isotope (i.e., a 
radioconjugate). . 

Chemotherapeutic agents useful in the generation of such immunoconjugates have been 
described above. Enzymatically active toxins and fi^gments thereof fliat can be used mclude 
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (fi'om 
Pseudomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain, alpha-sarcin, 
Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and 
PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria oflBcinalis inhibitor, gelonin, 
mitogellin, restrictocin, phenomycin, enomycin, and the tricothecenes. A variety of 

95 



.015l632A3_tA> 



wo 01/051632 PCTAJSOl/01513 
radionuclides are available for the production of radioconjugated antibodies. Examples include 

^^^Bi, ^^^I, ^'^In, '°y, and ^^^Re. 

Conjugates of the antibody and cytotoxic agent are made using a variety of bifunctional 
protein-coupling agents such as N-succinimidyl-3-(2-pyridyldithiol) propionate (SPDP), 
5 imiiiothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate HCL), 
active esters (such as disuccinimidyl suberate), aldehydes (such as glutareldehyde), bis-azido 
compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives (such as 
bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as tolyene 2,6-diisocyanate), 
and bis-active fluorine compounds (such as l,5-difluoro-2,4-dinitroben2ene). For example, a 
1 0 ricin inimunotoxin can be prepared as described in Vitetta et al.. Science, 238: 1 098 (1987). 

Carbon- 14-labeled l-isothiocyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX- 
DTP A) is an exemplary chelating agent for conjugation of radionucleotide to the antibody. See 
' WO94/11026. 

In another embodiment, the antibody can be conjugated to a "receptor" (such streptavidin) 
1 5 for utilization in tumor pretargeting wherein the antibody-receptor conjugate is administered to 
the patient, followed by removal of unbound conjugate from the circulation using a clearing 
agent and tiiien administration of a "ligand" (e.g., avidin) that is in turn conjugated to a cytotoxic 
agent. 



20 NOVX Recombinant Expression Vectors and Host Cells 

Another aspect of the invention pertains to vectors, preferably expression vectors, 
containing a nucleic acid encoding a NOVX protein, or derivatives, fragments, analogs or 
homologs thereof. As used herein, the term "vector" refers to a nucleic acid molecule capable of 
transporting another nucleic acid to which it has been linked. One type of vector is a "plasmid", 

25 which refers to a circular double stranded DNA loop into which additional DNA segments can be 
ligated. Another type of vector is a viral vector, wherein additional DNA segments can be ligated 
into tiie viral genome. Certain vectors are capable of autonomous replication in a host cell into 
which they are introduced (e.^., bacterial vectors having a bacterial origin of replication and 
episomal mammalian vectors). Other vectors (e.g., non-episomal mammalian vectors) are 

30 integrated into the genome of a host cell upon introduction into the host cell, and thereby are 
replicated along with the host genome. Moreover, certain vectors are capable of directing the 
expression of genes to which they are operatively-linked. Such vectors are referred to herein as 
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"expression vectors". In general, expression vectors of utility in recombinant DNA techniques 

are often in the form of plasmids. In the present specification, "plasmid" and "vector" can be 

used interchangeably as the plasmid is the most commonly used form of vector. However, the 

invention is intended to include such other forms of expression vectors, such as viral vectors 

5 (^'g-y replication defective retroviruses, adenoviruses and adeno-associated viruses), which serve 

equivalent iunctions. 

The recombinant expression vectors of the invention comprise a nucleic acid of the 
invention in a form suitable for expression of the nucleic acid in a host cell, which means that the 
recombinant expression vectors include one or more regulatory sequences, selected on the basis 
10 of the host cells to be used for expression, that is operatively-linked to the nucleic acid sequence 
' to be expressed. Within a recombinant expression vector, "operably-linked" is intended to mean 
i that the nucleotide sequence of interest is linked to the regulatory sequence(s) in a manner that 
allows for expression of the nucleotide sequence (e.g., in an in vitro transcription/translation 
system or in a host cell when the vector is introduced into the host cell). 

15 The term "regulatory sequence" is intended to includes promoters, enhancers and other 

expression control elements (e.^., polyadenylation signals). Such regulatory sequences are 
described, for example, in Goeddel, Gene EXPRESSION TECHNOLOGY: Methods in 
Enzymology 185, Academic Press, San Diego, Calif (1990). Regulatory sequences include 
those that direct constituti ve expression of a nucleotide sequence in many types of host cell and 

20 those that direct expression of the nucleotide sequence only in certain host cells (e.g., 

tissue-specific regulatory sequences). It will be appreciated by those skilled in the art that the 
design of the expression vector can depend on such factors as the choice of the host cell to be 
transformed, the level of expression of protein desired, etc. The expression vectors of the 
invention can be introduced into host cells to thereby produce proteins or peptides, including 

25 fusion proteins or peptides, encoded by nucleic acids as described herein (e.g., NOVX proteins, 
mutant forms of NOVX proteins, fusion proteins, etc.). . 

The recombinant expression vectors of the invention can be designed for expression of 
NOVX proteins in prokaryotic or eukaryotic cells. For example, NOVX proteins can be 
expressed in bacterial cells such as Escherichia coli, insect cells (using baculovirus expression 

30 vectors) yeast cells or mammalian cells. Suitable host cells are discussed further in Goeddel, 
Gene Expression Technology: Methods in Enzymology 1 85, Academic Press, San Diego, 
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Calif. (1990). Alternatively, the recombinant expression vector can be transcribed and translated 

in vitro, for example using T7 promoter regulatory sequences and T7 polymerase. 

Expression of proteins in prokaryotes is most often carried out in Escherichia coli with 

vectors containing constitutive or inducible promoters directing the expression of either fusion or 

5 non-fusion proteins. Fusion vectors add a number of amino acids to a protein encoded tiierein, 
usually to the amino terminus of the recombinant protein. Such fusion vectors typically serve 
three purposes: (i) to increase expression of recombinant protein; {it) to increase the solubility of 
the recombinant protein; and (»7) to aid in the purification of the recombinant protein by acting 
as a ligand in affinity purification. Oflen, in fusion expression vectors, a proteolytic cleavage site 

10 is introduced at the junction of the fusion moiety and the recombinant protein to enable 

separation of the recombinant protein firom the fusion moiety subsequent to purification of the 
fusion protein. Such en2ymes, and their cognate recognition sequences, include Factor Xa, 
thrombin and enterokinase. Typical fusion expression vectors include pGEX (Pharmacia Biotech 
Inc; Smith and Johnson, 1988. Gene 67: 31-40), pMAL (New England Biolabs, Beverly, Mass.) 

1 5 and pRIT5 (Pharmacia, Piscataway, N. J.) that fuse glutathione S-transferase (GST), maltose E 
binding protein, or protein A:, respectively, to the target recombinant protein. 

Examples of suitable inducible non-fusion E, coli expression vectors include pTrc 
(Amrann et aL, (1988) Gene 69:301-31 5) and pET 1 Id (Studier et aL, GenE EXPRESSION 
Technology: Methods in Enzymology 185, Academic Press, San Diego, Calif (1990) 

20 60-89). 

One strategy to maximize recombinant protein expression in E. coli is to express the 
protein in a host bacteria with an impaired capacity to proteolytically cleave the recombinant 
protein. See, e.g., Gottesman, Gene Expression Technology: Methods in Enzymology 185, 
Academic Press, San Diego, Calif. (1 990) 1 1 9-128. Another strategy is to alter the nucleic acid 
25 sequence of the nucleic acid to be inserted into an expression vector so that the individual codons 
for each amino acid are those preferentially utilized in E. coli (see, e.g., Wada, et aL, 1 992. Nucl 
' Acids Res. 20: 21 1 1-2118). Such alteration of nucleic acid sequences of the invention can be 
carried out by standard DNA synthesis techniques. 

In another embodiment, the NOVX expression vector is a yeast expression vector. 
30 Examples of vectors for expression in yeast Saccharomyces cerivisae include pYepSecl 

(Baldari, et a/., 1987. EMBOJ. 6: 229-234), pMFa (Kurjan and Herskowitz, 1982. Cell 30: 
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933-943), pJRY88 (Schultz et al., 1987. Gene 54: 1 13-1 23), pYES2 (Invitrogen Corporation, 
San Diego, Calif.), and picZ GnVitrogen Corp, San Diego, Calif). 

Alternatively, NOVX can be expressed in insect cells using baculovirus expression 
vectors. Baculovirus vectors available for expression of proteins in cultured insect cells (e.g., 
5 SF9 cells) include the pAc series (Smith, et al., 1983. MoL Cell Biol 3: 2156-2165) and the pVL 
series (Lucklov/and Summers, 1989. Virology 170: 31-39). 

In yet another embodiment, a nucleic acid of the invention is expressed in mammalian 
• cells using a mammalian expression vector. Examples of mammalian expression vectors include 
pCDM8 (Seed, 1 987. Nature 329: 840) and pMT2PC (Kaufinan, et al, 1 987. EMBO J. 6: 
10 1 87-1 95). When used in mammalian cells, the expression vector's control functions are often 
. provided by viral regulatory elements. For example, commonly used promoters are derived from 
! polyoma, adenovirus 2, cytomegalovirus, and simian virus 40. For other suitable expression 
systems for both prokaryotic and eukaryotic cells see, e.g.. Chapters 16 and 17 of Sambrook, et 
al. Molecular Cloning: A Laboratory Manual. 2nd ed.. Cold Spring Harbor Laboratory, 
1 5 Cold Spring Harbor Laboratory Vtqss, Cold Spring Harbor, N. Y., 1 989. 

In another embodiment, the recombinant mammalian expression vector is capable of 
directing expression of the nucleic acid preferentially in a particular cell type {e.g., tissue-specific 
regulatory elements are used to express the nucleic acid). Tissue-specific regulatory elements are 
known in the art Non-limiting examples of suitable tissue-specific promoters include.the 
20 albumin promoter (liver-specific; Pinkert, et al, 1 987. Genes Dev. 1 : 268-277), 

lymphoid-specific promoters (Calame and Eaton, 1988. Adv. Immunol 43: 235-.275), in 
particular promoters of T cell receptors (Winoto and Baltimore, 1989. EMBO J. 8: 729-733) and 
immunoglobulins (Banerji, et al, 1983. Cell 33: 729-740; Queen and Baltimore, 1983. Cell 33: 
741-748), neuron-specific promoters (e.g., the neurofilament promoter; Byrne and Ruddle, 1989. 
25 Proc. Natl Acad Set USA 86: 5473-5477), pancreas-specific promoters (Edlund, etaL, 1985. 
Science 230: 912-916), and mammary gland-specific promoters (e.g., milk whey promoter; U.S. 
Pat. No. 4,873,316 and European Application Publication No. 264,166). Developmentally- 
regulated promoters are also encompassed, e.g., the murine hox promoters (Kessel and Grass, 
1990. Science 249: 374-379) and the a-fetoprotein promoter (Carapes and Tilghman, 1989. 
30 Genes Dev. 3: 537-546). 

The invention fiirther provides a recombinant expression vector comprising a DNA 
molecule of the invention cloned into the expression vector in an antisense orientation. That is, 
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the DNA molecule is operatively-linked to a regulatory sequence in a manner that allows for 
expression (by transcription of the DNA molecule) of an RNA molecule that is antisense to 
NOVX mRNA. Regulatory sequences operatively Hnked to a nucleic acid cloned in the 
antisense orientation can be chosen that direct the continuous expression of the antisense RNA 
5 molecule in a variety of cell types, for instarice viral promoters and/or enhancers, or regulatory 
sequences can be chosen that direct constitutive, tissue specific or cell type specific expression of 
antisense RNA. The antisense expression vector can be in the form of a recombinant plasmid, 
phagemid or attenuated virus in which antisense nucleic acids are produced under the control of a 
high efficiency regulatory region, the activity of which can be determined by the cell type into 
1 0 which the vector is introduced. For a discussion of the regulation of gene expression using 
antisense genes see, e.g., Weintraub, et al, "Antisense RNA as a molecular tool for genetic 
analysis," Reviews-Trends in Genetics, Vol. 1(1) 1986. 

Another aspect of the invention pertains to host cells into which a recombinant 
expression vector of the invention has been introduced. The terms "host cell" and "recombinant 
1 5 host cell" are used interchangeably herein. It is understood that such terms refer not only to the 
particular subject cell but also to the progeny or potential progeny of such a cell. Because certain 
modifications may occur in succeeding generations due to either mutation or environmental 
influences, such progeny may not, in fact, be identical to the parent cell, but are still included 
within the scope of the term as used herein. 
20 A host cell can be any prokaryotic or eukaryotic cell. For example, NOVX protein can be 

expressed in bacterial cells such as E. coli, insect cells, yeast or mammalian cells (such as 
human, Chinese hamster ovary cells (CHO) or COS cells). Other suitable host cells are known to 
those skilled in the art. 

Vector DNA can be introduced into prokaryotic or eukaryotic cells via conventional 
25 transformation or transfection techniques. As used herein, the terms "transformation" and 
"transfection" are intended to refer to a variety of art-recognized techniques for introducing 
foreign nucleic acid (e.g., DNA) into a host cell, including calcium phosphate or calcium 
chloride co-precipitation, DEAJE-dextran-mediated transfection, lipofection, or electroporation. 
Suitable methods for transforming or transfecting host cells can be found in Sambrook, et aL 
30 (Molecular Cloning: A Laboratory Manual. 2nd ed.. Cold Spring Harbor Laboratory, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1989), and other laboratory 
manuals. 

100 



BNSDOCID: <WO_0151632A3_IA> 



wo 01/051632 PCTAJSOl/01513 
For stable transfection of mammalian cells, it is known that, depending upon the 

expression vector and transfection technique used, only a small fraction of cells may integrate the 

foreign DNA into their genome. In order to identify and select these integrants, a gene that 

encodes a selectable marker (e,g., resistance to antibiotics) is generally introduced into the host 

cells along with the gene of interest. Various selectable markers include those that confer 

resistance to drugs, such as G41 8, hygromycin and methotrexate. Nucleic acid encoding a 

selectable marker can be introduced into a host cell on the same vector as that encoding NOVX 

or can be introduced on a separate vector. Cells stably transfected with the introduced nucleic 

acid can be identified by drug selection (e.g., cells that have mcorporated the selectable marker 

gene will survive, while the other cells die). 

A host cell of the invention, such as a prokaryotic or eukaryotic host cell in culture, can 

be used to produce (/.e., express) NOVX protein. Accordingly, the invention further provides 

methods for producing NOVX protein using the host cells of the invention. In one embodiment, 

the method comprises culturing the host cell of invention (into which a recombinant expression 

vector encoding NOVX protein has been introduced) in a suitable medium such that NOVX 

protein is produced. In another embodiment, the method further comprises isolating NOVX 

protein from the medium or the host cell. 

Transgenic NOVX Animals 

The host cells of the invention can also be used to produce non-human transgenic 
animals. For example, in one embodiment, a host cell of the invention is a fertilized oocyte or an 
embryonic stem cell into which NOVX protein-coding sequences have been introduced. Such 
host cells can then be used to create non-human transgenic animals in which exogenous NOVX 
sequences have been introduced into their genome or homologous recombinant animals in which 
endogenous NOVX sequences have been altered. Such animals are useful for studying the 
function and/or activity of NOVX protein and for identifying and/or evaluating modulators of 
NOVX protein activity. As used herein, a "transgenic animal" is a non-human animal, preferably 
a mammal, more preferably a rodent such as a rat or mouse, in which one or more of the cells of 
the animal includes -a transgene. Other examples of transgenic animals include non-human 
primates, sheep, dogs, cows, goats, chickens, amphibians, etc. A transgene is exogenous DNA 
that is integrated into the genome of a ceU from which a transgenic animal develops and that 
remains in the genome of the mature animal, thereby directing the expression of an encoded gene 
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product in one or more cell types or tissues of the transgenic animal. -As used herein, a 
"homologous recombinant animal" is a non-human animal, preferably a mammal, more 
preferably a mouse, in which an endogenous NOVX gene has been altered by homologous 
recombination between the endogenous gene and an exogenous DNA molecule introduced into a 
5 cell of the animal, e.g., an embryonic cell of the animal, prior to development of the animal. 

A transgenic animal of the invention can be created by introducing NOVX-encoding 
nucleic acid into the male pronuclei of a fertilized oocyte (e.g., by microinjection, retroviral 
infection) and allowing the oocyte to develop in a pseudopregnant female foster animal. 
Sequences including SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25 can be introduced 
10 as a transgene into the genome of a non-human animal. Alternatively, a non-human homologue 
of the himian NOVX gene, such as a mouse NOVX gene, can be isolated based on hybridization 
to the human NOVX cDNA (described further supra) and used as a transgene. Intronic 
' sequences and polyadenylation signals can also be included in the transgene to increase the 
efficiency of expression of the transgene. A tissue-specific regulatory sequence(s) can be 
1 5 operably-linked to the NOVX transgene to direct expression of NOVX protem to particular cells. 
Methods for generating transgenic animals via embryo manipulation and microinjection, 
particularly aniinals such as mice, have become conventional in the art and are described, for 
example, m U.S. Patent Nos. 4,736,866; 4,870,009; and 4,873,191; and Hogan, 1986. In: 
Manipulating the Mouse Embryo, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, 
20 N. Y. Similar methods are used for production of other transgenic animals. A transgenic fovmder 
animal can be identified based upon the presence of the NOVX transgene in its genome and/or 
expression of NOVX mRNA in tissues or cells of the animals. A transgenic founder animal can 
then be used to breed additional animals carrying the transgene. Moreover, transgenic animals 
carrying a transgene-encoding NOVX protein can further be bred to other transgenic animals 
25 carrying other transgenes. 

To create a homologous recombinant animal, a vector is prepared which contains at least 
a portion of a NOVX gene into which a deletion, addition or substitution has been introduced to 
thereby alter, e.g., functionally disrupt, the NOVX gene. The NOVX gene can be a human gene 
(e.^., the DNA of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23 or 25), but more 
30 preferably, is a non-human homologue of a human NOVX gene. For example, a mouse 

homologue of human NOVX gene of SEQ ID NO: 1 , 3, 5, 7, 9, M, 13, 15, 17, 19, 21, 23 or 25 
can be used to construct a homologous recombination vector suitable for altering an endogenous 
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NOVX gene in the mouse genome. In one embodiment, the vector is designed such that, upon 
homologous recombination, the endogenous NOVX gene is functionally disrupted (i.e., no 
longer encodes a functional protein; also referred to as a "knock out" vector). 

Alternatively, the vector can be designed such that, upon homologoiis recombination, the 
endogenous NOVX gene is mutated or otherwise altered but still encodes functional protein (e.g., 
the upstream regulatory region can be altered to thereby alter the expression of the endogenous 
NOVX protein). In the homologous recombination vector, the altered portion of the NOVX gene 
is flanked at its 5'- and 3 -termini by additional nucleic acid of the NOVX gene to allow for 
homologous recombination to occur between the exogenous NOVX gene carried by the vector 
and an endogenous NOVX gene in an embryonic stem cell. The additional flanking NOVX 
. nucleic acid is of sufficient length for successful homologous recombination with the 
endogenous gene. Typically, several kilobases of flanking DNA (both at the 5'- and 3*-termini) 
are included in the vector. See, e.g., Thomas, et a/., 1987. Cell 5\ : 503 for a description of 
homologous recombination vectors. The vector is ten introduced into an embryonic stem cell 
line (e.g., by electroporation) and cells in which the introduced NOVX gene has homologously- 
recombined with the endogenous NOVX gene are selected. See, e.g, Li, et aL, 1992. Cell 69: 
915. 

The selected cells are then injected into a blastocyst of an animal (e.g, a mouse) to form 
aggregation chimeras. See, e.g., Bradley, 1 987. In: TfeRATOCARClNOMAS AND EMBRYONIC Stem 
Cells: A Practical Approach, Robertson, ed. IRL, Oxford, pp. 1 13-1 52. A chimeric embryo 
can then be implanted into a suitable pseudopregnant female foster animal and the embryo 
brought to term. Progeny harboring the homologously-recombined DNA in their germ cells can 
be used to breed animals in which all cells of the animal contain the homologously-recombined 
DNA by germline transmission of the transgene. Methods for constmcting homologous 
recombination vectors and homologous recombinant animals are described further in Bradley, 
1991. Curr. Opin. Biotechnol. 2: 823-829; PCT International Publication Nos.: WO 90/11354; 
WO 91/01 140; WO 92/0968; and WO 93/04169. 

In another embodiment, transgenic non-humans animals can be produced that contain 
selected systems that allow for regulated expression of the transgene. One example of such a 
system is the cre/loxP recombinase system of bacteriophage PI . For a description of the cre/loxP 
recombinase system. See, e.g, Lakso, et al, 1992. Proc. Natl Acad Set USA 89: 6232-6236. 
Another example of a recombinase system is the FLP recombinase system of Saccharomyces 
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cerevisiae. See, O'Gorman, et al, 199L Science 251:1351-1355. If a cre/loxP recombinase 
system is used to regulate expression of the transgene, animals containing transgenes encoding 
both the Cre recombinase and a selected protein are required. Such animals can be provided 
through the construction of "double" transgenic animals, e.g., by mating two transgenic animals, 

5 one containing a transgene encoding a selected protein and flie other containing a transgene 
encoding a recombinase. 

Clones of the non-human transgenic animals described herein can also be produced 
according to the methods described in Wilmut, et aL, 1997. Nature 385: 810-813. In brief, a cell 
(e.g., a somatic cell) from the transgenic animal can be isolated and induced to exit the growth 

10 cycle and enter Gq phase. The quiescent cell can then be fused, e.g., through the use of electrical 
pulses, to an enucleated oocj^e from an animal of the same species from which the quiescent cell 
is isolated. The reconstructed oocyte is then cultured such that it develops to morula or 
blastocyte and then transferred to pseudopregnant female foster animal. The offspring borne of 
this female foster animal will be a clone of the animal from which the cell (e.g., the somatic cell) 

15 is isolated. 

Pharmaceutical Compositions 

The NOVX nucleic acid molecules, NOVX proteins, and anti-NOVX antibodies (also 
referred to herein as "active compovmds") of the invention, and derivatives, fragments, analogs 

20 and homologs thereof, can be incorporated into pharmaceutical compositions suitable for 

administration. Such compositions typically comprise the nucleic acid molecule, protein, or 
antibody and a pharmaceutically acceptable carrier. As used herein, "pharmaceutically 
acceptable carrier" is intended to include any and all solvents, dispersion media, coatings, 
antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like, 

25 compatible with pharmaceutical administration. Suitable carriers are described in the most 
recent edition of Remington's Pharmaceutical Sciences, a standard reference text in the field, 
which is incorporated herein by reference. Preferred examples of such carriers or diluents 
include, but are not hmited to, water, saline, finger's solutions, dextrose solution, and 5% human 
serum albumin. Liposomes and non-aqueous vehicles such as fixed oils may also be used. The 

30 use of such media and agents for pharmaceutically active substances is well known in the art. 

Except insofar as any conventional media or agent is incompatible with the active compound, use 
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thereof in the compositions is contemplated. Supplementary active compounds can also be 
incorporated into the compositions. 

The antibodies disclosed herein can also be formulated as immimoliposomes. 
Liposomes containing the antibody are prepared by methods known in the art, such as described 
5 in Epstein et al., Proc. Natl. Acad. Sci. USA, 82: 3688 (1985); Hwang et al., Proc. Natl Acad. 
Sci. USA, 77: 4030 (1980); and U.S. Pat. Nos. 4,485,045 and 4,544,545. Liposomes with 
enhanced circulation time are disclosed in U.S. Patent No. 5,013,556. 

Particularly useful liposomes can be generated by the reverse-phase evaporation method 
with a lipid composition comprising phosphatidylcholine, cholesterol, and PEG-derivatized 
10 phosphatidylethanolamine (PEG-PE). Liposomes are extruded through filters of defined pore 
size to yield liposomes vAih the desired diameter. Fab* fragments of the antibody of the present 
invention can be conjugated to the liposomes as described in Martin et al ., J. Biol. Chem., 257: 
286-288 (1982) via a disulfide-interchange reaction. A chemotherapeutic agent (such as 
Doxorubicin) is optionally contained within the liposome. See (Gabizon et al., J. National Cancer 
15 Inst., 81(19): 1484 (1989). 

A pharmaceutical composition of the invention is formulated to be compatible with its 
intended route of administration. Examples of routes of admimstration include parenteral, e.g., 
intravenous, intradermal, subcutaneous, oral (e.g., inhalation), transdermal (z.e, topical), 
transmucosal, and rectal administration. Solutions or suspensions used for parenteral, 
20 intradermal, or subcutaneous application can include the following components: a sterile diluent 
such as water for injection, salme solution, fixed oils, polyethylene glycols, glycerine, propylene 
glycol or other synthetic solvents; antibacterial agents such as benzyl alcohol or methyl parabens; 
antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as 
ethylenediaminetetraacetic acid (EDTA); buffers such as acetates, citrates or phosphates, and 
25 agents for the adjustment of tonicity such as sodium chloride or dextrose. The pH can be 
^djustedisath acids or bases, such as hydrochloric acid or sodium hydroxide. The parenteral 
preparation can be enclosed in ampoules, disposable syringes or multiple dose vials made of 
glass or plastic. 

Pharmaceutical compositions svdtable for injectable use include sterile aqueous solutions 
30 (where water soluble) or dispersions and sterile powders for the extemporaneous preparation of 
sterile injectable solutions or dispersion. For intravenous administration, suitable carriers include 
physiological saUne, bacteriostatic water, Cremophor EL" (BASF, Parsippany, N.J.) or 
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phosphate buffered saline (PBS). In all cases, the composition must be sterile and should be 
fluid to the extent that easy syringeability exists. It must be stable under the conditions of 
manufacture and storage and must be preserved against the contaminating action of 
microorganisms such as bacteria and fungi. The carrier can be a solvent or dispersion medium 
5 containing, for example, water, ethanol, polyol (for example, glycerol, propylene glycol, and 
liquid polyethylene glycol, and the like), and suitable mixtures thereof. The proper fluidity can 
be maintained, for example, by the use of a coating such as lecithin, by the mahxtenance of the 
required particle size in the case of dispersion and by the use of svirfactants. Prevention of the 
action of microorganisms can be achieved by various antibacterial and antifungal agents, for 
10 example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like. In many cases, 
it will be preferable to include isotonic agents, for example, sugars, polyalcohols such as manitol, 
. sorbitol, sodium chloride in the composition. Prolonged absorption of the injectable 
' compositions can be brought about by including m the composition an agent which delays 
absorption, for example, aluminum monostearate and gelatin. 
1 5 Sterile injectable solutions can be prepared by incorporating the active compound (e.g., a 

NOVX protein or anti-NOVX antibody) in the required amount in an appropriate solvent with 
one or a combination of ingredients enumerated above, as required, followed by filtered 
sterilization. Generally, dispersions are prepared by incorporating the active compound into a 
sterile vehicle that contains a basic dispersion medium and the required other ingredients^ fi^om 
20 those enumerated above. In the case of sterile powders for the preparation of sterile injectable 
solutions, methods of preparation are vacuum drying and freeze-drying that yields a powder of 
the active ingredient plus any additional desired ingredient from a previously sterile-filtered 
solution thereof. 

Oral compositions generally include an inert diluent or an edible carrier. They can be 
25 enclosed in gelatin capsules or compressed into tablets. For the purpose of oral therapeutic 

administration, the active compound can be incorporated with excipients and used in the form of 
tablets, troches, or capsules. Oral compositions can also be prepared using a fluid carrier for use 
as a mouthwash, wherein the compound in the fluid carrier is applied orally and swished and 
expectorated or swallowed. Pharmaceutically compatible binding agents, and/or adjuvant 
30 materials can be included as part of the composition. The tablets, pills, capsules, troches and the 
like can contain any of the following ingredients, or compounds of a similar nature: a bmder such 
as microcrystalline cellulose, gum tragacanth or gelatin; an excipient such as starch or lactose, a 
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disintegrating agent such as alginic acid, Primogel, or com starch; a lubricant such as magnesium 
stearate or Sterotes; a glidant such as colloidal silicon dioxide; a sweetening agent such as 
sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange 
flavoring. 

For administration by inhalation, the compounds are delivered in the form of an aerosol 
spray from pressured container or dispenser which contains a suitable propellant, e.g., a gas such 
as carbon dioxide, or a nebulizer. 

Systemic administration can also be by transmucosal or transdermal means. For 
transmucosal or transdermal administration, penetrants appropriate to the barrier to be permeated 
are used in the formulation. Such penetrants are generally known in the art, and include, for 
' example, for transmucosal administration, detergents, bile salts, and fusidic acid derivatives. 
Transmucosal administration can be accomplished through the use of nasal sprays or 
suppositories. For transdermal administration, the active compounds are formulated into 
ointments, salves, gels, or creams as generally known in the art. . 

The compounds can also be prepared in the form of suppositories (e.g., with conventional 
suppository bases such as cocoa butter and other glycerides) or retention enemas for rectal 
delivery. 

In one embodiment, the active compoxmds are prepared with carriers that will protect the 
compound against rapid elimination from the body, such as a controlled release formulation, 
including implants and microencapsulated delivery systems. Biodegradable, biocompatible 
polymers can be used, such as ethylene vmyl acetate, polyanhydrides, polyglycolic acid, 
collagen, polyorthoesters, and polylactic acid. Methods for preparation of such formulations will 
be apparent to those skilled in the art. The materials can also be obtained commercially from 
^1?^^^^^^^^?^.^^ Nova Pharmaceuticals, Inc. Liposomal suspensions (including liposomes 
targeted to infected cells with monoclonal antibodies to viral antigens) can also be used as 
pharmaceutically acceptable carriers. These can be prepared according to methods known to 
those skilled in the art, for example, as described in U.S. Patent No. 4,522,81 1. 

It is especially advantageous to formulate oral or parenteral compositions in dosage unit 
form for ease of administration and uniformity of dosage. Dosage unit form as used herein refers 
to physically discrete units suited as unitary dosages for the subject to be treated; each unit 
containing a predetermined quantity of active compound calculated to produce the desired 
therapeutic effect in association with the required pharmaceutical carrier. The specification for 
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the dosage unit forms of the invention are. dictated by and directly dependent on the unique 

characteristics of the active compound and the particular therapeutic effect to be achieved, and 

the Hmitations inherent in the art of compounding such an active compound for the treatment of 

individuals. 

5 The nucleic acid molecules of the invention can be inserted into vectors and used as gene 

therapy vectors. Gene therapy vectors can be delivered to a subject by, for example, intravenous 
injection, local administration (see, e.g., U.S. Patent No. 5,328,470) or by stereotactic injection 
{see, e.g., Chen, et al, 1994. Proc. Natl Acad. Scl USA 91 : 3054-3057). The pharmaceutical 
preparation of the gene therapy vector can include the gene therapy vector in an acceptable 

10 diluent, or can comprise a slow release matrix in which the gene delivery vehicle is imbedded. 

Alternatively, where the complete gene delivery vector can be produced intact from recombinant 
cells, e.g., retroviral vectors, the pharmaceutical preparation can include one or more cells that 
• produce the gene delivery system. 

Antibodies specifically binding a protein of the invention, as well as other molecules 

15 identified by the screening assays disclosed herein, can be administered for the treatment of 
various disorders in the form of pharmaceutical compositions. Principles and considerations 
involved in preparing such compositions, as well as guidance in the choice of components are 
provided, for example, in Remington : The Science And Practice Of Pharmacy 19th ed. (Alfonso 
R. Gennaro, et al., editors) Mack Pub. Co., Easton, Pa. : 1995; Drug Absorption Enhancement : 

20 Concepts, Possibilities, Limitations, And Trends, Harwood Academic Publishers, Langhome, 
Pa., 1994; and Peptide And Protein Drug Delivery (Advances In Parenteral Sciences, Vol. 4), 
1991, M. Dekker, New York. If the antigenic protein is intracellular and whole antibodies are 
used as inhibitors, intemalizing antibodies are preferred. However, liposomes can also be used 
to deliver the antibody, or an antibody fi-agment, into cells. Where antibody fragments are used, 

25 the smallest inhibitory fragment that specifically binds to the binding domain of the target 
protein is preferred. For example, based upon the variable-region sequences of an antibody, 
ipeiptide molecules can be designed that retain the ability to bind the target protein sequence. 
Such peptides can be synthesized chemically and/or produced by recombinant DNA technology. 
See, e.g., Marasco et al, 1 993 Proc. Natl Acad. Sci. USA, 90: 7889-7893. The formulation 

30 herein can also contain more than one active compound as necessary for the particular indication 
being treated, preferably those with complementary activities that do not adversely affect each 
other. Alternatively, or in addition, the composition can comprise an agent that enhances its 
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function, such as, for example, a cytotoxic agent, cytokine, chemotherapeutic agent, or growth- 
inhibitory agent. Such molecules are suitably present in combination in amounts that are 
effective for the pxirpose intended. The active ingredients can also be entrapped in microcapsules 
prepared, for example, by coacervation techniques or by interfacial polymerization, for example, 
5 hydroxymethylcellulose or gelatin-microcapsules and poly-(methylmethacrylate) microcapsules, 
respectively, in colloidal drug delivery systems (for example, liposomes, albumin microspheres, 
microemulsions, nano-particles, and nanocapsules) or in macroemulsions. 

The formulations to be used for iv vivo administration must be sterile. This is readily 
accomplished by filtration through sterile filtration membranes. 
10 Sustained-release preparations can be prepared. Suitable examples of sustained-release 

. preparations include semipermeable matrices of solid hydrophobic polymers containing the 
! antibody, which matrices are in the form of shaped articles, e.g., films, or microcapsules. 
Examples of sustained-release matrices include polyesters, hydrogels (for example, poly(2- 
hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No. 3,773,919), 
1 5 copolymers of L-glutamic acid and ethyl-L-glutamate, non-degradable ethylene-vinyl acetate, 
degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT ™ (injectable 
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly- 
D-(-)-3-hydroxybutyric acid. While polymers such as ethylene-vinyl acetate and lactic acid- 
glycolic acid enable release of molecules for over 100 days, certain hydrogels release proteins for 
20 shorter time periods. 

The pharmaceutical compositions can be included in a container, pack, or dispenser 
together with instructions for administration. 

Screening and Detection Methods 

25 The isolated nucleic acid molecules of the invention can be used to express NOVX 

protein (e.g., via a recombinant expression vector in a host cell in gene therapy applications), to 
detect NOVX mRNA (e.g., in a biological sample) or a genetic lesion in a NOVX gene, and to 
modulate NOVX activity, as described fiirther, below. In addition, the NOVX proteins can be 
used to screen drugs or compounds that modulate the NOVX protein activity or expression as 

30 well as to treat disorders characterized by insufficient or excessive production of NOVX protein 
or production of NOVX protein forms that have decreased or aberrant activity compared to 
NOVX wild-type protein. In addition, the anti-NOVX antibodies of the invention can be used to 
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detect and isolate NOVX proteins and modulate NOVX activity. For example, NOVX activity 

includes growth and differentiation, antibody production, and tumor growth. 

The invention further pertains to novel agents identified by the screening assays described 

herein and uses thereof for treatments as described, supra. 

5 

Screening Assays 

The invention provides a method (also referred to herein as a "screening assay") for 
identifying modulators, i\e., candidate or test compounds or agents (e.g., peptides, 
peptidomimetics, small molecules or other drugs) that bind to NOVX proteins or have a 

1 0 stimulatory or inhibitory effect on, e.g., NOVX protein expression or NOVX protein activity. 
The invention also includes compounds identified in the screening assays described herein. 

In one embodiment, the invention provides assays for screening candidate or test 
compoimds which bind to or modulate the activity of the membrane-bound form of a NOVX 
protein or polypeptide or biologically-active portion thereof. The test compounds of the 

1 5 invention can be obtained using any of the numerous approaches in combinatorial library 

methods known in the art, including: biological libraries; spatially addressable parallel solid 
phase or solution phase libraries; synthetic library methods requiring deconvolution; the 
"one-bead one-compoimd" library method; and synthetic library methods using affinity 
chromatography selection. The biological library approach is limited to peptide libraries, while 

20 the other four approaches are applicable to peptide, non-peptide oligomer or small molecule 
libraries of compoimds. See, e.g.. Lam, \991 , Anticancer Drug Design 12: 145. 

A "small molecule" as used herein, is meant to refer to a composition that has a molecular 
weight of less than about 5 kD and most preferably less than about 4 kD. Small molecules can 
be, e.g., nucleic acids, peptides, polypeptides, peptidomimetics, carbohydrates, lipids or other 

25 organic or inorganic molecules. Libraries of chemical and/or biological mixtures, such as fungal, 
bacterial, or algal extracts, are known in the art and can be screened with any of the assays of the 
invention. 

Examples of methods for the synthesis of molecular libraries can be found in the art, for 
example in: DeWitt, et al, 1993. Proc. Natl Acad. Set US.A. 90: 6909; Erb, et ah, 1994. Proa 
30 Natl Acad Set U.SA, 91: 11422; Zuckermann, etal, 1994.7. Med. Chem. 37: 2678; Cho, etaL, 
1993. Science 261: 1303; Carrell, etaL, l994.Angew. Chem. JnL Ed Engl 33:2059; Carell,er 
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a/., 1994. Angew. Chem. Int, Ed Engl 33: 2061; and Gallop, et aL, 1994. J. Med Chem. 37: 
1233. 

Libraries of compounds may be presented in solution (e.g., Houghten, 1992. 
Bioiechniques 13: 412-421), or on beads (Lam, 1991. Nature 354: 82-84), on chips (Fodor, 1993. 
Nature 364: 555-556), bacteria (Ladner, U.S. Patent No. 5,223,409), spores (Ladner, U.S. Patent 
5,233,409), plasmids (Cull, et al, 1992. Proc. Natl Acad Set USA 89: 1 865-1869) or on phage 
(Scott and Smith, 1990. Science 249: 386-390; Devlin, 1990. Science 249: 404-406; Cwdrla, et 
a/., 1990. Proc. Natl Acad Set U.SA, 87: 6378-6382; Felici, 1991. J. Mol Biol 222: 301-310; 
Ladner, U.S. Patent No. 5,233,409.). 

In one embodiment, an assay is a cell-based assay in which a cell which expresses a 
membrane-bound form of NOVX protein, or a biologically-active portion thereof, on the cell 
surface is contacted with a test compoimd and the ability of the test compound to bind to a 
NOVX protein determined. The cell, for example, can be of mammalian origin or a yeast cell. 
Determining the ability of the test compound to bind to the NOYX protein can be accomplished, 
1 5 for example, by coupling the test compound with a radioisotope or enzymatic label such that 

binding of the test compound to the NOVX protein or biologically-active portion thereof can be 
determined by detecting the labeled compound in a complex. For example, test compounds can 
be labeled with ^'S, *^C, or ^H, either directly or indirectly, and the radioisotope detected by 
direct counting of radioemission or by scmtillation counting. Alternatively, test compounds can 
20 be enzymatically-labeled with, for example, horseradish peroxidase, alkaline phosphatase, or 
luciferase, and the enzymatic label detected by determination of conversion of an appropriate 
substrate to product. In one embodiment, the assay comprises contacting a cell which expresses 
a membrane-bound form of NOVX protein, or a biologically-active portion thereof, on the cell 
surface with a known compound which binds NOVX to form an assay mixture, contacting the 
25 assay mixture with a test compound, and determining the ability of the test compound to interact 
with a NOVX protein, wherein determining the ability of the test compound to interact with a 
NOVX protem comprises determinmg the ability of the test compound to preferentially bind to 
NOVX protein or a biologically-active portion thereof as compared to the known compound. 
In another embodiment, an assay is a cell-based assay comprising contacting a cell 
30 expressing a membrane-bound form of NOVX protein, or a biologically-active portion thereof, 
on the cell surface with a test compound and determining the ability of the test compoimd to 
modulate {e.g., stimulate or inhibit) the activity of the NOVX protein or biologically-active 
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portion thereof. Determining the abiUty of the test compound to modulate the activity of NOVX 
or a biologically-active portion thereof can be accomplished, for example, by determining the 
ability of the NOVX protein to bind to or interact vsdth a NOVX target molecule. As used herein, 
a "target molecule" is a molecule with which a NOVX protein binds or interacts in nature, for 
5 example, a molecule on the surface of a cell which expresses a NOVX interacting protein, a 
molectile on the surface of a second cell, a molecule in the extracellular milieu, a molecule 
associated with the internal surface of a cell membrane or a cytoplasmic molecule. A NOVX 
target molecule can be a non-NOVX molecule or a NOVX protein or polypeptide of the 
invention In one embodiment, a NOVX target molecule is a component of a signal transduction 
1 0 pathway that facilitates transduction of an extracellular signal (e. g. a signal generated by binding 
of a compound to a membrane-bound NOVX molecule) through the cell membrane and into the 
cell. The target, for example, can be a second intercellular protein that has catalytic activity or a 
' protem that facilitates the association of downstream signaling molecules with NOVX. 

Detennining the ability of the NOVX protein to bind to or interact with a NOVX target 
1 5 molecule can be accomplished by one of the metiiods described above for determining direct 

binding. In one embodiment, determining the ability of the NOVX protein to bind to or interact 
with a NOVX target molecule can be accomplished by determining the activity of the target 
molecule. For example, the activity of the target molecule can be determined by detecting 
induction of a cellular second messenger of the target (/.c. intracellular Ca^*, diacylglycerol, IP3, 
20 etc.), detecting catalytic/enzymatic activity of the target an appropriate substrate, detecting the 
induction of a reporter gene (comprising a NOVX-responsive regulatory element operatively 
linked to a nucleic acid encoding a detectable marker, e.g., luciferase), or detecting a cellular 
response, for example, cell survival, cellular differentiation, or cell proliferation. 

In yet another embodiment, an assay of the invention is a cell-free assay comprising 
25 contacting a NOVX protein or biologically=active.portion thereof with a test compound and 

determining the ability of the test compound to bind to flie NOVX protein or biologically-active 
portion tiiereof Binding of the test compound to the NOVX protein can be determined either 
directly or indirectly as described above. In one such embodimoit, the assay comprises 
contacting the NOVX protein or biologically-active portion thereof with a known compound 
30 which binds NOVX to form an assay mixture, contacting the assay mixture with a test 

compound, and detennining the a[bility of the test compound to interact with a NOVX protein, 
wherein detemiining the ability of the test compound to interact with a NOVX protein comprises 
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detennining the ability of the test compound to preferentially bind to NOVX or biologicaUy- 
active portion thereof as compared to the known compomid. 

In still another embodiment, an assay is a cell-free assay comprising contacting NOVX 
protein or biologically-active portion thereof with a test compound and determining the ability of 
the test compound to modulate (eg. stimulate or inhibit) the activity of the NOVX protein or 
biologically-active portion thereof Determining the ability of the test compound to modulate the 
activity of NOVX can be accomplished, for example, by determining the ability of the NOVX 
protein to bind to a NOVX target molecule by one of the methods described above for 
determining direct binding. In an alternative embodiment, determining the ability of the test 
compound to modulate the activity of NOVX protein can be accomplished by detemiim'ng the 
. ability of the NOVX protein further modulate a NOVX target molecule. For example, the 
] catalytic/enzymatic activity of the target molecule on an appropriate substrate can be determined 
as described above. 

In yet another embodiment, the cell-free assay comprises contacting the NOVX protein or 
biologically-active portion thereof with a known compoimd which binds NOVX protein to form 
an assay mixture, contacting the assay mixture with a test compound, and determining the ability 
of the test compoimd to interact with a NOVX protein, wherein determining the ability of the test 
compound to interact with a NOVX protein comprises determining the ability of the NOVX 
protein to preferentially bind to or modulate the activity of a NOVX target molecule. 

The cell-fi^e assays of the invention are amenable to use of both the soluble form or the 
membrane-bound form of NOVX protein. In the case of cell-free assays comprising the 
membrane-bound form of NOVX protein, it may be desirable to utilize a solubilizing agent such 
that the membrane-boxmd form of NOVX protein is maintained in solution. Examples of such 
solubilizing agents include non-ionic detergents such as n-octylglucoside, n-dodecylglucoside, 
n-dodecylmaltoside, octanoyl-N-methylglucamide, decanoyl-N-methylglucamide, Triton® 
X-lOO, Triton® X-1 14, Thesit®, Isotridecypoly(ethylene glycol ether)„, N-dodecyl- 
N,N-dimethyl-3-ammonio-l -propane sulfonate, 3-(3-choIamidopropyl) dimethylamminiol- 
I-propane sulfonate (CHAPS), or 3-(3-cholamidopropyl)dimethylammimol-2-hydroxy- 
1-propane sulfonate (CHAPSO). 

In more than one embodiment of the above assay methods of the invention, it may be 
desirable to immobilize either NOVX protein or its target molecule to facilitate separation of 
complexed from uncomplexed forms of one or both of the protems, as well as to accommodate 
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automation of the assay. Binding of a test compound to NOVX protein, or interaction of NOVX 
protein with a target molecule in the presence and absence of a candidate compound, can be 
accomplished in any vessel suitable for containing the reactants. Examples of such vessels 
include microtiter plates, test tubes, and micro-centrifuge tubes. In one embodiment, a fusion 
5 protein can be provided that adds a domain that allows one or both of the proteins to be bound to 
a matrix. For example, GST-NOVX fusion proteins or GST-target fusion proteins can be 
adsorbed onto glutathione sepharose beads (Sigma Chemical, St Louis, MO) or glutathione 
derivatized microtiter plates, that are then combined with the test compound or the test 
compound and either the non-adsorbed target protein or NOVX protein, and the mixture is 
1 0 incubated under conditions conducive to complex formation (e.g., at physiological conditions for 
salt and pH). Following incubation, the beads or microtiter plate wells are washed to remove any 
unbound components, the matrix immobilized in the case of beads, complex determined either 
directly or indirectly, for example, as described, supra. Alternatively, the complexes can be 
dissociated from the matrix, and the level of NOVX protein binding or activity deteraiined using 
15 standard techniques. 

Other techniques for immobilizing proteins on matrices can also be used in the screening 
assays of the invention. For example, either the NOVX protein or its target molecule can be 
immobilized utilizing conjugation of biotin and streptavidin. Biotinylated NOVX protein or 
target molecules can be prepared from biotin-NHS (N-hydroxy-succinimide) using techniques 
20 well-known within the art (e.g., biotinylation kit. Pierce Chemicals, Rockford, 111.), and 

immobilized in the wells of streptavidin-coated 96 well plates (Pierce Chemical). Alternatively, 
antibodies reactive with NOVX protein or target molecules, but which do not interfere with 
binding of the NOVX protein to its target molecule, can be derivatized to the wells of the plate, 
and unbound target or NOVX protein trapped in the wells by antibody conjugation. Methods for 
25 detecting such complexes, in addition to those described above for the GST-immobilized 

complexes, include inmiunodetection of complexes using antibodies reactive with the NOVX 
protein or target molecule, as well as enzyme-linked assays that rely on detecting an enzymatic 
activity associated with the NOVX protein or target molecule. 

In another embodiment, modulators of NOVX protein expression are identified in a 
30 method wherein a cell is contacted with a candidate compoxmd and the expression of NOVX 

mRNA or protein in the cell is determined. The level of expression of NOVX inRNA or protein 
in the presence of the candidate compoxmd is compared to the level of expression of NOVX 
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mRNA or protem in the absence of the candidate compound. The candidate compound can then 
be identified as a modulator of NOVX mRNA or protein expression based upon this comparison. 
For example, when expression of NOVX mRNA or protein is greater (i.e.. statistically 
significantly greater) in the presence of the candidate compound than in its absence, the 
candidate compound is identified as a stimulator of NOVX mRNA or protein expr^sion. 
■Alternatively, when expression of NOVX mRNA or protein is less (statistically significantly 
less) in the presence of the candidate compound than in its absence, the candidate compound is 
identified as an inhibitor of NOVX mRNA or protein expression. The level of NOVX mRNA or 
protein expression in the cells can be detennined by methods described herein for detecting 
NOVX mRNA or protein. 

In yet another aspect of the invention, the NOVX proteins can be used as "bait proteins" 
. in a two-hybrid assay or three hybrid assay (see. e.g., U.S. Patent No. 5,283.3 1 7; Zervos. et al., 
1993. Cell 72: 223-232; Madura, et al., 1993. J. Biol. Chem. 268: 12046-12054; Bartel. et al, ' 
1993. Biotechmgues 14: 920-924; Iwabuchi, ./ al., 1993. Oncogene 8: 1693-1696; and Brent' 
WO 94/1 0300), to identify other proteins that bind to or interact with NOVX ("NOVX-binding 
proteins" or "NOVX-bp") and modulate NOVX activity. Such NOVX-binding proteins are also 
likely to be involved in the propagation of signals by the NOVX proteins as. for example, 
upstream or downstream elements of the NOVX pathway. 

The two-hybrid system is based on the modular nature of most transcription factors, 
which consist of separable DNA-binding and activation domains. Briefly, the assay utilizes two 
difierent DNA constructs. In one construct, the gene that codes for NOVX is fused to a gene 
encoding the DNA binding domain of a known transcription factor (e.g., GAL-4). In tiie other 
construct, a DNA sequence, fi-om a library of DNA sequences, that encodes an unidentified 
protein ("prey" or "sample") is fused to a gene that codes for the activation domain of the known 
transcription factor. If the "bait" and the "prey" proteins are able to interact, /„ vivo, fonning a 
■NOVX-dependent complex, the DNA-binding and activation domains of tiie transcription factor 
are brought into close proximity. This proximity allows banscription of a reporter gene (e.g., 
LacZ) that is operably linked to a transcriptional regulatory site responsive to die transcription 
factor. Expression of tiie reporter gene can be detected and cell colonies containing the 
functional transcription factor can be isolated and used to obtain the cloned gene that encodes the 
protein which interacts with NOVX. 
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The invention fiirther pertains to novel agents identified by the aforementioned screening 

assays and uses thereof for treatments as described herein. 
Detection Assays 

Portions or fragments of the cDNA sequences identified herein (and the corresponding 
complete gene sequences) can be used in numerous ways as polynucleotide reagents. By way of 
example, and not of limitation, these sequences can be used to: (/) identify an individual from a 
minute biological sample (tissue typing); and (lO aid in forensic identification of a biological 
sample. Some of these applications are described in the subsections, below. 



Tissue Typing 

The NOVX sequences of the invention can be used to identify individuals from minute 
biological samples. In this technique, an individual's genomic DNA is digested with one or more 
restriction enzymes, and probed on a Southern blot to yield unique bands for identification. The 
15 sequences of the invention are useM as additional DNA markers for RFLP ("restriction firagment 
length polymorphisms," described in U.S. Patent No. 5^272,057). 

Furthermore, the sequences of the invention can be used to provide an alternative 
technique that determines the actual base-by-base DNA sequence of selected portions of an 
individual's genome. Thus, the NOVX sequences described herein can be used to prepare two 
20 PGR primers from the 5'- and 3'-termini of the sequences. These primers can then be used to 
amplify an individual's DNA and subsequently sequence it. 

Panels of corresponding DNA sequences from individuals, prepared in this manner, can 
provide unique individual identifications, as each individual will have a unique set of such DNA 
sequences due to allelic differences. The sequences of the invention can be used to obtain such 
25 identification sequences from individuals and from tissue. The NOVX sequences of the 

invention uniquely represent portions of the human genome. Allelic variation occurs to some 
"6^^ iiTtEe coding regions of these sequences, and to a greater de^ee in the noncoding regions. 
It is estimated that allelic variation between individual humans occurs with a frequency of about 
once per each 500 bases. Much of the alleUc variation is due to single nucleotide polymorphisms 
30 (SNPs), which include restriction firagment length polymorphisms (RFLPs). 

Each of the sequences described herein can, to some degree, be used as a standard against 
which DNA from an mdividual can be compared for identification purposes. Because greater 
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numbers of polymorphisms occur in the noncoding regions, fewer sequences are necessary to 
differentiate individuals. The noncoding sequences can comfortably provide positive individual 
identification with a panel of perhaps 10 to 1,000 primers that each yield a noncoding amplified 
sequence of 1 00 bases. If predicted coding sequences, such as those in SEQ ID NO: 1, 3, 5, 7, 9, 
5 1 1 , 1 3, 1 5, 1 7, 1 9, 2 1 , 23 or 25 are used, a more appropriate number of primers for positive 
individual identification would be 500-2,000. 

Predictive Medicine 

The invention also pertains to the field of predictive medicine in which diagnostic assays, 
10 prognostic assays, pharmacogenomics, and monitoring clinical trials are used for prognostic 

(predictive) purposes to thereby treat an individual prophylactically. Accordingly, one aspect of 
the invention relates to diagnostic assays for determining NOVX protein and/or nucleic acid 
expression as well as NOVX activity, in the context of a biological sample (e.g., blood, serum, 
cells, tissue) to thereby determine whether an individual is afflicted with a disease or disorder, or 
1 5 is at risk of developing a disorder, associated with aberrant NOVX expression or activity. 

Disorders associated with aberrant NOVX expression of activity include, for example, disorders 
of olfactory loss, e.g. trauma, fflV illness, neoplastic growth, and neurological disorders, e.g. 
Parkinson's disease and Alzheimer's disease. 

The invention also provides for prognostic (or predictive) assays for determming: whether 
20 an individual is at risk of developing a disorder associated with NOVX protein, nucleic acid 

expression or activity. For example, mutations in a NOVX gene can be assayed in a biological 
sample. Such assays can be used for prognostic or predictive purpose to thereby prophylactically 
treat an individual prior to the onset of a disorder characterized by or associated with NOVX 
protein, nucleic acid expression, or biological activity. 

Another aspect of the invention provides methods for determining NOVX protein, nucleic 
acid expression or activity in an individual to thereby select appropriate therapeutic or 
prophylactic agents for that individual (referred to herein as "pharmacogenomics"). 
Pharmacogenomics allows for the selection of agents (e.g., drugs) for therapeutic or prophylactic 
treatment of an individual based on the genotype of the individual (e.g., the genotype of the 
30 individual examined to determine the ability of the individual to respond to a particular agent.) 

Yet another aspect of the invention pertains to monitoring the influence of agents (e.g., 
drugs, compounds) on the expression or activity of NOVX in clinical trials. 
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These and other agents are described, in further detail in the following sections. 



Diagnostic Assays 

An exemplary method for detecting the presence or absence of NOVX in a biological 
5 sample involves obtaining a biological sample from a test subject and contacting the biological 
sample with a compound or an agent capable of detecting NOVX protein or nucleic acid (e.g., 
mRNA, genomic DNA) that encodes NOVX protein such that the presence of NOVX is detected 
in the biological sample. An agent for detecting NOVX naRNA or genomic DNA is a labeled 
nucleic acid probe capable of hybridizing to NOVX mRNA or genomic DNA. The nucleic acid 
10 probe can be, for example, a full-length NOVX nucleic acid, such as the nucleic acid of SEQ ID 
NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 17, 19, 21, 23 or 25, or a portion thereof, such as an oligonucleotide 
of at least 15, 30, 50, 100, 250 or 500 nucleotides in length and sufficient to specifically 
' hybridize under stringent conditions to NOVX mRNA or genomic DNA. Other suitable probes 
for use in the diagnostic assays of the invention are described herein. 
1 5 One agent for detecting NOVX protein is an antibody capable of binding to NOVX 

protein, preferably an antibody with a detectable label. Antibodies directed against a protein of 
the invention may be used in methods known within the art relating to the localization and/or 
quantitation of the protein (e.g., for use in measuring levels of the protein within appropriate 
physiological samples, for use in diagnostic methods, for use in imaging the protein, and the 
20 like). In a given embodiment, antibodies against the proteins, or derivatives, fragments, analogs 
or homologs thereof, that contain the antigen binding domain, are utilized as 
pharmacologically-active compounds. 

An antibody specific for a protein of the invention can be used to isolate the protein by 
standard techniques, such as immunoaffmity chromatography or immunoprecipitation. Such an 
25 antibody can facilitate the purification of the natural protein antigen from cells and of 

recombinantly produced antigen expressed in host cells. Moreover, such an antibody can be used 
to detect the antigenic protein (e.g., in a cellular lysate or cell supernatant) in order to evaluate 
the abundance and pattern of expression of the antigenic protein. Antibodies directed against the 
protein can be used diagnostically to monitor protein levels in tissue as part of a clinical testing 
30 procedure, e.g., to, for example, determine the efficacy of a given treatment regimen. Detection 
can be facilitated by coupling (i.e., physically linking) the antibody to a detectable substance. 
Examples of detectable substances include various enzymes, prosthetic groups, fluorescent 
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materials, luminescent materials, bioluminescent materials, and radioactive materials. Examples 
of suitable enzymes include horseradish peroxidase, alkaline phosphatase, p-galactosidase, or 
acetylcholinesterase; examples of suitable prosthetic group complexes include streptavidin/biotin 
and avidin/biotin; examples of suitable fluorescent materials include umbelliferone, fluorescein, 
fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or 
phycoerythrin; an example of a limiinescent material includes l\miinoI; examples of 
bioluminescent materials include luciferase, luciferin, and aequorin, and examples of suitable 
radioactive material include '^I, "'I, ^^S or ^H. 

Antibodies can be polyclonal, or more preferably, monoclonal. An intact antibody, or a 
fragment thereof (e.g., Fab or F(ah')^ can be used. The tenn "labeled", with regard to the probe 
or antibody, is intended to encompass direct labeling of the probe or antibody by coupling (z.e., 
physically linking) a detectable substance to the probe or antibody, as well as indirect labeling of 
the probe or antibody by reactivity with another reagent that is directly labeled. Examples of 
indirect labeling include detection of a primary antibody using a fluorescently-labeled secondary 
antibody and end-labeling of a DNA probe with biotm such that it can be detected with 
fluorescently-labeled streptavidin. The tenn "biological sample" is intended to include tissues, 
cells and biological fluids isolated from a subject, as well as tissues, cells and fluids present 
within a subject That is, the detection method of the invention can be used to detect NOVX 
mRNA, protein, or genomic DNA in a biological sample in vitro as well as in vivo. For example, 
in vitro techniques for detection of NOVX mRNA include Northern hybridizations and in situ 
hybridizations. In vitro techniques for detection of NOVX protein include enzyme linked 
immunosorbent assays (ELISAs), Western blots, immunoprecipitations, and 
inununofluorescence. In vitro techniques for detection of NOVX genomic DNA include 
Southern hybridizations. Furthermore, in vivo techniques for detection of NOVX protein include 
introducmg into a subject a labeled anti-NOVX antibody. For example, the antibody can be 
labeled with a radioactive marker whose presence and location in a subject can be detected by 
standard imaging techniques. 

In one embodiment, the biological sample contains protein molecules from the test 
subject. Alternatively, the biological sample can contain mRNA molecules from the test subject 
or genomic DNA molecules from the test subject. A preferred biological sample is a peripheral 
blood leukocyte sample isolated by conventional means from a subject 
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In one embodiment, the methods lurther involve obtaining a control biological sample 
from a control subject, contacting the control sample with a compound or agent capable of 
detecting NOVX protein, mKNA, or genomic DNA, such that the presence of NOVX protein, 
mRNA or genomic DNA is detected in the biological sample, and comparing the presence of 
5 NOVX protein, mRNA or genomic DNA in the control sample with the presence of NOVX 
protein, mRNA or genomic DNA in the test sample. 

The invention also encompasses kits for detecting the presence of NOVX in a biological 
sample. For example, the kit can comprise: a labeled compound or agent capable of detecting 
NOVX protein or mRNA in a biological sample; means for determining the amount of NOVX in 
10 the sample; and means for comparing the amount of NOVX in the sample with a standard. The 
compound or agent can be packaged in a suitable container. The kit can further comprise 
instructions for using the kit to detect NOVX protein or nucleic acid. 

Prognostic Assays 

1 5 The diagnostic methods described herein can furthermore be utilized to identify subjects 

having or at risk of developing a disease or disorder associated with aberrant NOVX expression 
or activity. For example, the assays described herein, such as the preceding diagnostic assays or 
the following assays, can be utilized to identify a subject having or at risk of developing a 
disorder associated with NOVX protein, nucleic acid expression or activity. Such disorders 

20 include for example, disorders of olfactory loss, e.g. trauma, HIV illness, neoplastic growth, and 
neurological disorders, e.g. Parkinson's disease and Alzheimer's disease. 

Alternatively, the prognostic assays can be utilized to identify a subject having or at risk 
for developing a disease or disorder. Thus, the invention provides a method for identifying a 
disease or disorder associated wifli aberrant NOVX expression or activity in which a test sample 

25 is-obtained from a subject and NOVX protein or nucleic acid {e.g., mRNA, genomic DNA) is 
detected, wherein the presence of NOVX protein or nucleic acid is diagnostic for a subject 
having or at risk of developing a disease or disorder associated with aberrant NOVX expression 
or activity. As used herein, ^ "test sample" refers to a biological sample obtained from a subject 
of interest. For example, a test sample can be a biological fluid {e.g., serum), cell sample, or 

30 tissue. 

Furttiermore, the prognostic assays described herein can be used to determine whether a 
subject can be administered an agent (e.g., an agonist, antagonist, peptidomimetic, protein, 
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peptide, nucleic acid, small molecule, or other drug candidate) to treat a disease or disorder 

associated with aberrant NOVX expression or activity. For example, such methods can be used 

to determine whether a subject can be effectively treated with an agent for a disorder. Thus, the 

invention provides methods for determining whether a subject can be effectively treated with an 

agent for a disorder associated with aberrant NOVX expression or activity in which a test sample 

is obtained and NOVX protein or nucleic acid is detected (e.g., wherein the presence of NOVX 

protein or nucleic acid is diagnostic for a subject that can be administered the agent to treat a 

disorder associated with aberrant NOVX expression or activity). 

The methods of the invention can also be used to detect genetic lesions in a NOVX gene, 

thereby determining if a subject with the lesioned gene is at risk for a disorder characterized by 

- aberrant cell proliferation and/or differentiation. In various embodiments, the methods include 

detecting, in a sample of cells from the subject, the presence or absence of a genetic lesion 

characterized by at least one of an alteration affecting the integrity of a gene encoding a 

NOVX-protein, or the misexpression of the NOVX gene. For example, such genetic lesions can 

be detected by ascertaining the existence of at least one of: (/) a deletion of one or more 

nucleotides from a NOVX gene; (ii) an addition of one or more nucleotides to a NOVX gene; 

(«7) a substitution of one or more nucleotides of a NOVX gene, (/v) a chromosomal 

rearrangement of a NOVX gene; (v) an alteration in the level of a messenger RNA transcript of a 

NOVX gene, (v/) aberrant modification of a NOVX gene, such as of the methylation pattern of 

the genomic DNA, (vii) the presence of a non-wild-type splicing pattern of a messenger RNA 

transcript of a NOVX gene, (viif) a non-wild-type level of a NOVX protein, (ix) allelic loss of a 

NOVX gene, and (x) inappropriate post-translational modification of a NOVX protein. As 

described herein, there are a large number of assay techniques known in the art which can be 

used for detecting lesions in a NOVX gene. A preferred biological sample is a peripheral blood 

leukocyte sample isolated by conventional means from a subject. However, any biological ~ 

sample containing nucleated cells may be used, including, for example, buccal mucosal cells. 

In certain embodiments, detection of the lesion involves the use of a probe/primer in a 

polymerase chain reaction (PGR) (see, e.g., U.S. Patent Nos. 4,683,195 and 4,683,202), such as 

anchor PGR or RAGE PGR, or, alternatively, in a ligation chain reaction (LGR) (see, e.g,, 

Landegran, et aL, 1988. Science 241 : 1077-1080; and Nakazawa, et aU 1994. Proc. Natl Acad. 

Set USA 91 : 360-364), the latter of which can be particularly useful for detecting point mutations 

in the NOVX-gene (see, Abravaya, et aL, 1995. NucL Acids Res. 23: 675-682). This method can 
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include the steps of collecting a sample of cells fi-om a patient, isolating nucleic acid {e,g,, 

genomic, mRNA or both) from the cells of the sample, contacting the nucleic acid sample with 

one or more primers that specifically hybridize to a NOVX gene under conditions such that 

hybridization and amplification of the NOVX gene (if present) occurs, and detecting the presence 

5 or absence of an amplification product, or detecting the size of the amplification product and 

comparing the length to a control sample. It is anticipated that PGR and/or LCR may be 

desirable to use as a preliminary amplification step in conjunction with any of the techniques 

used for detecting mutations described herein. 

Alternative amplification methods include: self sustained sequence replication {see, 

10 Guatelli, et ah, 1990. Proc. Natl Acad, Set USA 87: 1874-1878), transcriptional ampHfication 

system (see, Kwoh, et aL, 1989. Proc. Natl. Acad Set USA 86: 1173-1 177); QP Replicase (see, 

Lizardi, et al, 1988. BioTechnology 6: 1 197), or any other nucleic acid amplification method, 

' followed by the detection of the amplified molecviles using techmques well known to those of 

skill in the art. These detection schemes are especially useful for the detection of nucleic acid 

15 molecules if such molecules are present in very low nimibers. 

In an alternative embodiment, mutations in a NOVX gene from a sample cell can be 

identified by alterations in restriction enzyme cleavage patterns. For example, sample and 

control DNA is isolated, amplified (optionally), digested with one or more restriction 

endonucleases, and fi-agment length sizes are determined by gel electrophoresis and compared. 

20 Differences in fragment length sizes between sample and control DNA indicates mutations in the 

sample DNA. Moreover, the use of sequence specific ribozymes (see, e.g., U.S. Patent No. 

5,493,531) can be used to score for the presence of specific mutations by development or loss of 

a ribozyme cleavage site. 

In other embodiments, genetic mutations in NOVX can be identified by hybridizing a 

25 sample and control nucleic acids, e.g., DNA-or RNA, to high-density arrays containing hundreds 

or thousands of oligonucleotides probes. See, e.g., Cronin, et aL^ 1996. Human Mutation 7: 

244-255; Kozal, ^^ a/., 1996. Nat, Med, 2: 753-759. For example, genetic mutations in NOVX 

can be identified in two dimensional arrays containing light-generated DNA probes as described 

in Cronin, et aL, supra. Briefly, a first hybridization array of probes can be used to scan through 

30 long stretches of DNA in a sample and control to identify base changes between the sequences 

by making linear arrays of sequential overlapping probes. This step allows the identification of 

point mutations. This is followed by a second hybridization array that allows the 
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characterization of specific mutations by using smaller, specialized probe arrays complementary 

to all variants or mutations detected. Each mutation array is composed of parallel probe sets, one 

complementary to the wild-type gene and the other complementary to the mutant gene. 

In yet another embodiment, any of a variety of sequencing reactions known in the art can 
be used to directly sequence the NOVX gene and detect mutations by comparing the sequence of 
the sample NOVX with the corresponding wild-type (control) sequence. Examples of 
sequencing reactions include those based on techniques developed by Maxim and Gilbert, 1977. 
Proc. Natl Acad. ScL USA 74: 560 or Sanger, 1 977. Proc. Natl Acad. Set USA 74: 5463. It is 
also contemplated that any of a variety of automated sequencing procedures can be utilized when 
performing the diagnostic assays (^ee, e,g„ Naeve, et aL, 1995. Biotechniques 19: 448), including 
•sequencing by mass spectrometry (see, eg., PCT International Publication No. WO 94/16101; 
Cohen, et a/., 1996. Adv, Chromatography 36: 127-162; and Griffin, et al, 1993. Appl Biochem. 
Biotechnol 38: 147-159). 

Other methods for detecting mutations in the NOVX gene include methods in which 
protection from cleavage agents is used to detect mismatched bases in KNA/RNA or RNATDNA 
heteroduplexes. See, e.g., Myers, et ah, 1985. Science 230: 1242. In general, the art technique of 
"mismatch cleavage" starts by providing heteroduplexes of formed by hybridizing (labeled) RNA 
or DNA containing the wild-type NOVX sequence with potentially mutant RNA or DNA 
obtained from a tissue sample. The double-stranded duplexes are treated with an agent that 
cleaves single-stranded regions of the duplex such as which will exist due to basepair 
mismatches between the control and sample strands. For instance, RNA/DNA duplexes can be 
treated with RNase and DNA/DNA hybrids treated with Sj nuclease to enzymatically digesting 
the mismatched regions. In other embodiments, either DNA/DNA or RNA/DNA duplexes can 
be treated with hydroxylamine or osmium tetroxide and with piperidine in order to digest 
mismatched regions. After digestion of the mismatched regions, the resulting material is then 
separated by size on denaturing polyacrylamide gels to determine the site of mutation. See, e.g.. 
Cotton, etal, 1988. Proc. Natl Acad ScL USA 85: 4397; Saleeba, etal, 1992. Methods 
Enzymol 217: 286-295. In an embodiment, the control DNA or RNA can be labeled for 
detection. 

In still another embodiment, the mismatch cleavage reaction employs one or more 
proteins that recognize mismatched base pairs in double-stranded DNA (so called "DNA 
mismatch repair" enzymes) in defined systems for detecting and mapping point mutations in 

123 



J0151632A3_IA> 



wo 01/051632 PCT/USOl/01513 
NOVX cDNAs obtained from samples of cells. For example, the mutY enzyme of E. coli 

cleaves A at G/A mismatches and the thymidine DNA glycosylase from HeLa cells cleaves T at 

G/T mismatches. See, e.g., Hsu, et aL^ 1994. Carcinogenesis 15: 1657-1662. According to an 

exemplary embodiment, a probe based on a NOVX sequence, e.g., a wild-type NOVX sequence, 

5 is hybridized to a cDNA or other DNA product from a test cell(s). The duplex is treated with a 

DNA mismatch repair enzyme, and the cleavage products, if any, can be detected from 

electrophoresis protocols or the like. See, e.g., U.S. Patent No. 5,459,039. 

In other embodiments, alterations in electrophoretic mobility will be used to identify 

mutations in NOVX genes. For example, single strand conformation polymorphism (SSCP) may 

10 be used to detect differences in electrophoretic mobility between mutant and wild type nucleic 
acids. See, e.g., Orita, et ah, 1989. Proc. Natl Acad. Set. USA: 86: 2766; Cotton, 1993. Mutat 
Res. 285: 125-144; Hayashi, 1992. Genet. Anal. Tech. Appl 9: 73-79. Single-stranded DNA 
' fragments of sample and control NOVX nucleic acids will be denatured and allowed to renature. 
The secondary structure of single-stranded nucleic acids varies according to sequence, the 

1 5 resulting alteration in electrophoretic mobility enables the detection of even a single base change. 
The DNA fragments may be labeled or detected with labeled probes. The sensitivity of the assay 
may be enhanced by using RNA (rather than DNA), in which the secondary structure is more 
sensitive to a change in sequence. In one embodiment, the subject method utilizes heteroduplex 
analysis to separate double stranded heteroduplex molecules on the basis of changes in 

20 electrophoretic mobility. See, e.g., Keen, et al., 1991. Trends Genet. 7: 5. 

In yet another embodiment, the movement of mutant or wild-type fragments in 
polyacrylamide gels containing a gradient of denaturant is assayed using denaturing gradient gel 
electrophoresis (DGGE). See, e.g., Myers, et al, 1985. Nature 313: 495. When DGGE is used 
as the method of analysis, DNA will be modified to instjre that it does not completely denature, 

25 for example by adding a GC clamp of approximately 40 bp of high-melting GC-rich DNA by 
PGR. Iii a further embodiment, a temperature gradient is used in place of a denaturing gradient 
to identify difiFerences in the mobility of control and sample DNA. See, e.g., Rosenbaum and 
Reissner, 1987. Biophys. Chem. 265: 12753. 

Examples of other techniques for detecting point mutations include, but are not limited to, 

30 selective oligonucleotide hybridization, selective amplification, or selective primer extension. 
For example, oligonucleotide primers may be prepared in which the known mutation is placed 
centrally and then hybridized to target DNA under conditions that permit hybridization only if a 
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perfect match is found. See, e,g„ Saiki, et aL, 1 986. Nature 324: 1 63; Saiki, et al, 1989. Proc, 
Natl Acad Set USA 86: 6230. Such allele specific oligonucleotides are hybridized to PGR 
amplified target DNA or a number of different mutations when the oligonucleotides are attached 
to the hybridizing membrane and hybridized with labeled target.DNA. 

Alternatively, allele specific amplification technology that depends on selective PGR 
amplification may be used in conjunction with the instant invention. Oligonucleotides used as 
primers for specific amplification may carry the mutation of interest in the center of the molecule 
(so that amplification depends on differential hybridization; see, e.g., Gibbs, et oL, 1989, Nucl 
Acids Res. 1 7: 2437-2448) or at the extreme 3'-terminus of one primer where, under appropriate 
conditions, mismatch can prevent, or reduce polymerase extension {see, e,g,, Prossner, 1993. 
, Tibtech 1 1 : 238). In addition it may be desirable to introduce a novel restriction site in the 
! region of the mutation to create cleavage-based detection. See, e,g, Gasparini, et al, 1992. MoL 
Cell Probes 6:1. It is anticipated that in certain embodiments amplification may also be 
performed using Taq ligase for amplification. See, e.g., Barany, 1991. Proc. Natl Acad, Set 
USA 88: 1 89. In such cases, ligation will occur only if there is a perfect match at the 3'-tenninus 
of the 5* sequence, making it possible to detect the presence of a known mutation at a specific 
site by looking for the presence or absence of amplification. 

The methods described herein may be performed, for example, by utilizing pre-packaged 
diagnostic kits comprising at least one probe nucleic acid or antibody reagent described herein, 
which may be conveniently used, e.g., in clinical settings to diagnose patients exhibiting 
symptoms or family history of a disease or illness involving a NOVX gene. 

Furthermore, any cell type or tissue, preferably peripheral blood leukocj^es, in which 
NOVX is expressed may be utilized in the prognostic assays described herein. However, any 
-!^A^A^8p^._^.^P^^ containing nucleated cells may be used^including, for example, buccal 
mucosal cells. 

Pharmacogenomics 

Agents, or modulators that have a stimulatory or inhibitory effect on NOVX activity {e.g.^ 
NOVX gene expression), as identified by a screening assay described herein can be administered 
to individuals to treat (prophylactically or therapeutically) disorders {e.g. disorders of olfactory 
loss, e.g. trauma, HIV illness, neoplastic growth, and neurological disorder, e.g. Parkinson's 
disease and Alzheimer's disease). In conjunction with such treatment, the pharmacogenomics 
(f.e., the study of the relationship between an individual's genotype and that individual's response 
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to a foreign compound or drug) of the individual may be considered. Differences in metabolism 

of therapeutics can lead to severe toxicity or therapeutic failure by altering the relation between 

dose and blood concentration of the pharmacologically active drug. Thus, the 

pharmacogenomics of the individual pemiits the selection of effective agents {e.g., drugs) for 

5 prophylactic or therapeutic treatments based on a consideration of the individual's genotype. 

Such pharmacogenomics can further be used to determine appropriate dosages and therapeutic 

regimens. Accordingly, the activity of NOVX protein, expression of NOVX nucleic acid, or 

mutation content of NOVX genes in an individual can be determined to thereby select 

appropriate agent(s) for therapeutic or prophylactic treatment of the individual. 

10 Pharmacogenomics deals with clinically significant hereditary variations in the response 

to drugs due to altered drug disposition and abnormal action in affected persons. See e.g., 
Eichelbaum, 1996. Clin. Exp, Pharmacol Physiol, 23: 983-985; Under, 1997. Clin, Chem., 43: 
254-266. In general, two types of pharmacogenetic conditions can be differentiated. Genetic 
conditions transmitted as a single factor altering the way drugs act on the body (altered drug 

15 action) or genetic conditions transmitted as single factors altering the way the body acts on drugs 
(altered drug metabolism). These pharmacogenetic conditions can occur either as rare defects or 
as polymorphisms. For example, glucose-6-phosphate dehydrogenase (G6PD) deficiency is a 
common inherited enzymopathy in which the main clinical complication is hemolysis after 
ingestion of oxidant drugs (anti-malarials, sulfonamides, analgesics, nitrofurans) and 

20 consumption of fava beans. 

As an illustrative embodiment, the activity of drug metabolizing enzymes is a major 
determinant of both the intensity and duration of drug action. The discovery of genetic 
polymorphisms of drug metabolizing enzymes (e.g., N-acetyltransferase 2 (NAT 2) and 
cytochrome P450 enzymes CYP2D6 and CYP2C19) has provided an explanation as to why some 

25 patients do not obtain the expected drug effects or show exaggerated drug response and serious 
toxicity after taking the standard and safe dose of a drug. These polymorphisms are expressed in 
two phenotypes in the population, the extensive metabolizer (EM) and poor metabolizer (PM). 
The prevalence of PM is different among different populations. For example, the gene coding 
for CYP2D6 is highly polymorphic and several mutations have been identified in PM, which all 

30 lead to the absence of functional CYP2D6. Poor metabolizers of CYP2D6 and CYP2C1 9 quite 
frequently experience exaggerated drug response and side effects when they receive standard 
doses. If a metabolite is the active therapeutic moiety, PM show no therapeutic response, as 
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demonstrated for the analgesic effect of codeine mediated by its CYP2D6-fonned metabolite 
morphine. At the other extreme are the so called ultra-rapid metabolizers who do not respond to 
standard doses. Recently, the molecular basis of ultra-rapid metabolism has been identified to be 
due to CYP2D6 gene amplification. 
5 Thus, the activity of NOVX protein, expression of NOVX nucleic acid, or mutation 

content of NOVX genes in an individual can be deteraiined to fliereby select appropriate agent(s) 
for therapeutic or prophylactic treatment of the individual. In addition, pharmacogenetic studies 
can be used to apply genotyping of polymorphic alleles encoding drug-metabolizing enzymes to 
the identification of an individual's drug responsiveness phenotype. This knowledge, when 
1 0 applied to dosing or drug selection, can avoid adverse reactions or therapeutic failure and thus 
enhance therapeutic or prophylactic efficiency when treating a subject with a NOVX modulator, 
such as a modulator identified by one of the exemplary screening assays described herein. 

Monitoring of Effects During Clinical Trials 
1 5 Monitoring the influence of agents (e.g., drugs, compounds) on the expression or activity 

of NOVX (e.g., the ability to modulate aberrant cell prdliferation) can be applied not only in 
basic drug screening, but also in clinical trials. For example, the effectiveness of an agent 
determined by a screening assay as described herein to increase NOVX gene expression, protein 
Ifcvels, or iiipregulale NOVX activity, can be monitored in clinical trails of subjects exhibiting 

20 decreased NOVX gene expression, protein levels, or downregulated NOVX activity. 

Alternatively, the effectiveness of an agent determined by a screening assay to decrease NOVX 
gene expression, protein levels, or downregulate NOVX activity, can be monitored in clinical 
trails of subjects exhibiting increased NOVX gene expression, protem levels, or upregulated 
NOVX activity. In such clinical trials, the expression or activity of NOVX and, preferably, other 

25 genes that have been implicated in, for example, a cellular proliferation or immune disorder can 
be used as^ "read out" or markers of the immune responsiveness of a particular cell. 

By way of example, and not of limitation, genes, including NOVX, that are modulated in 
ceUs by treatment with an agent (e.g., compound, drug or smaU molecule) that modulates NOVX 
activity (e.g., identified in a screening assay as described herein) can be identified. Thus, to 

}0 study the effect of agents on cellular proliferation disorders, for example, in a clinical tiial, cells 
can be isolated and RNA prepared and analyzed for the levels of expression of NOVX and otiier 
gaies implicated in the disorder. The levels of gene expression (i.e., a gene expression pattern) 
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can be quantified by Northern blot analysis or RT-PCR, as described herein, or alternatively by 
measuring the amount of protein produced, by one of the methods as described herein, or by 
measuring the levels of activity of NOVX or other genes. In this manner, the gene expression 
pattern can serve as a marker, indicative of the physiological response of the cells to the agent. 
5 Accordingly, this response state may be determined before, and at various points during, 
treatment of the individual with the agent. 

In one embodiment, the invention provides a method for monitoring the effectiveness of 
treatment of a subject with an agent (e.g., an agonist, antagonist, protein, peptide, 
peptidomimetic, nucleic acid, small molecule, or other drug candidate identified by the screening 
10 assays described herein) comprising the steps of (z) obtaining a pre-administration sample from a 
subject prior to administration of the agent; (//) detecting the level of expression of a NOVX 
protein, mRNA, or genomic DNA in the preadministration sample; (iii) obtaining one or more 
' post-administration samples from the subject; (iv) detecting the level of expression or activity of 
the NOVX protem, mRNA, or genomic DNA in the post-administration samples; (v) comparing 
1 5 the level of expression or activity of the NOVX protein, mRNA, or genomic DNA in the 
pre-administration sample with the NOVX protein, mRNA, or genomic DNA in the post, 
administration sample or samples; and (vi") altering the administration of the agent to the subject 
accordingly. For example, increased administration of the agent may be desirable to increase the 
expression or activity of NOVX to higher levels than detected, i.e., to increase the effectiveness 
20 of the agent. Alternatively, decreased administration of the agent may be desirable to decrease 
expression or activity of NOVX to lower levels than detected, z.e., to decrease the effectiveness 
of the agent. 
Methods of Treatment 

The invention provides for both prophylactic and therapeutic methods of treating a 
25 subject at risk of (or susceptible to) a disorder or having a disorder associated with aberrant 

NOVX expression or activity. Disorders associated with aberrant NOVX expression include, for 
example, disorders of olfactory loss, e.g. trauma, HIV illness, neoplastic growth, and 
neurological disorders, e.g. Parkinson's disease and Alzheimer's disease. 
These methods of treatment will be discussed more fiiUy, below. 
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Disease and Disorders 

Diseases and disorders that are characterized by increased (relative to a subject not 
suffering from the disease or disorder) levels or biological activity may be treated with 
5 Therapeutics that antagonize (i, e, , reduce or inhibit) activity. Therapeutics that antagonize 

activity may be administered in a therapeutic or prophylactic manner. Therapeutics that may be 
utilized include, but are not limited to: (0 an aforementioned peptide, or analogs, derivatives, 
fragments or homologs thereof; (z7) antibodies to an aforementioned peptide; (iif) nucleic acids 
encoding an aforementioned peptide; (/v) administration of antisense nucleic acid and nucleic 
10 acids that are "dysfunctional" (i.e., due to a heterologous insertion within the coding sequences 
of coding sequences to an aforementioned peptide) that are utilized to "knockout" endogenous 
I function of an aforementioned peptide by homologous recombination (see, e.g., Capecchi, 1989. 
Science 244: 1288-1292); or (v) modulators ( i.e., inhibitors, agonists and antagonists, mcluding 
additional peptide mimetic of the invention or antibodies specific to a peptide of the invention) 
1 5 that alter the interaction between an aforementioned peptide and its binding partner. 

Diseases and disorders that are characterized by decreased (relative to a subject not 
suffering from the disease or disorder) levels or biological activity may be treated with 
Therapeutics that increase (/.e., are agonists to) activity. Therapeutics that upregulate activity 
may be administered in a therapeutic or prophylactic manner. Therapeutics that may be utilized 
20 include, but are not limited to, an aforementioned peptide, or analogs, derivatives, fragments or 
homologs thereof; or an agonist that increases bioavailability. 

Increased or decreased levels can be readily detected by quantifying peptide and/or RNA, 
by obtaining a patient tissue sample (e.g., from biopsy tissue) and assaying it in vitro for RNA or 
peptide levels, structure and/or activity of the expressed peptides (or mRNAs of an 
25 aforementioned peptide). Methods that are well-known within the art include, but are not limited 
tOTimmunoassays (e,g, by Western blot analysis, immunoprecipitation followed by sodium 
dodecyl sulfate (SDS) polyacrylamide gel electrophoresis, inrununocytochemistry, etc.) and/or 
hybridization assays to detect expression of mRNAs (e.g. Northern assays, dot blots, in situ 
hybridization, and the like). 
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Prophylactic Methods 

In one aspect, the invention provides a method for preventing, in a subject, a disease or 
condition associated with an aberrant NOVX expression or activity, by administering to the 

5 subject an agent that modulates NOVX expression or at least one NOVX activity. Subjects at 
risk for a disease that is caused or contributed to by aberrant NOVX expression or activity can be 
identified by, for example, any or a combination of diagnostic or prognostic assays as described 
herein. Administration of a prophylactic agent can occur prior to the manifestation of symptoms 
characteristic of the NOVX aberrancy, such that a disease or disorder is prevented or, 

10 alternatively, delayed in its progression. Depending upon the type of NOVX aberrancy, for 

example, a NOVX agonist or NOVX antagonist agent can be used for treating the subject. The 
appropriate agent can be determined based on screening assays described herein. The 
prophylactic methods of the invention are further discussed in the following subsections. 

15 Therapeutic Methods 

Another aspect of the invention pertams to methods of modulating NOVX expression or 
activity for therapeutic purposes. The modulatory method of the invention involves contacting a 
cell with an agent that modulates one or more of the activities of NOVX protein activity 
associated with the cell. An agent that modulates NOVX protein activity can be an agent as 

20 described herein, such as a nucleic acid or a protein, a naturally-occurring cognate ligand of a 
NOVX protein, a peptide, a NOVX peptidomimetic, or other small molecule. In one 
embodiment, the agent stimulates one or more NOVX protein activity. Examples of such 
stimulatory agents include active NOVX protein and a nucleic acid molecule encoding NOVX 
that has been introduced into the cell. In another embodiment, the agent inhibits one or more 

25 NOVX protein activity. Examples of such inhibitory agents include antisense NOVX nucleic 

acid molecules and anti-NOVX antibodies. These modulatory methods can be performed in vitro 
(e.g., hy culturing flie cell with the agent) or, alternatively, in vivo {e.g., by administering the 
agent to a subject). As such, the invention provides methods of treating an individual afflicted 
with a disease of disorder characterized by aberrant expression or activity of a NOVX protein or 

30 nucleic acid molecule. In one embodiment, the method involves administering an agent {e.g., an 
agent identified by a screening assay described herein), or combination of agents that modulates 
(e.g., up-regulates or down-regulates) NOVX expression or activity. In another embodiment, the 
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method involves administering a NOVX protein or nucleic acid molecule as therapy to 
compensate for reduced or aberrant NOVX expression or activity. 

Stimulation of NOVX activity is desirable in situations in which NOVX is abnonnally 
downregulated and/or in which increased NOVX activity is likely to have a beneficial eflFect. One 
example of such a situation is where a subject has a disorder characterized by aberrant cell 
proliferation and/or differentiation {e.g., cancer or immune associated ). Another example of 
such a situation is whfere the subject has an immunodeficiency disease (e.g., AIDS). 

Antibodies of the invention, including polyclonal, monoclonal, humanized and fully 
human antibodies, may used as therapeutic agents. Such agents will generally be employed to 
treat or prevent a disease or pathology in a subject. An antibody preparation, preferably one 
having high specificity and high affinity for its target antigen, is administered to the subject and 
I will generally have an effect due to its binding with the target. Such an effect may be one of two 
kinds, depending on the specific nature of the interaction between the given antibody molecule 
and the target antigen in question. In the first instance, administration of the antibody may 
abrogate or inhibit the binding of the target witii an endogenous ligand to which it naturally 
binds. In this case, the antibody binds to the target and masks a binding site of the naturally 
occurring ligand, wherein the ligand serves as an effector molecule. Thus the receptor mediates a 
signal transduction pathway for which ligand is responsible. 

Alternatively, the effect may be one in which the antibody elicits a physiological result by 
virtue of binding to an effector binding site on the target molecule. In this case the target, a 
receptor having an endogenous ligand which may be absent or defective in the disease or 
pathology, binds the antibody as a surrogate effector ligand, initiating a receptor-based signal 
transduction event by the receptor. 

A therapeutically effective amount of an antibody of the invention relates generally to the 
amount needed to achieve a therapeutic objective. As noted above, this may be a binding 
interaction between the antibody and its target antigen that, in certain cases, interferes with the 
fiinctioning of the target, and in other cases, promotes a physiological response. The amount 
required to be administered Avill furthermore depend on the binding affinity of the antibody for 
its specific antigen, and will also dqjend on the rate at which an administered antibody is 
depleted fi-om the fi«e volume other subject to which it is administered. Common ranges for 
therapeutically effective dosing of an antibody.or antibody firagment of the invention may be, by 
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way of nonlimiting example, from about OA mg/kg body weight to about 50 mg/kg body weight 

Common dosing frequencies may range, for example, from twice daily to once a week. 

Determination of the Biological Effect of the Therapeutic 

5 In various embodiments of the invention, suitable in vitro or in vivo assays are performed 

to determine the effect of a specific Therapeutic and whether its administration is indicated for 
treatment of the affected tissue. 

In various specific embodiments, in vitro assays may be performed with representative 
cells of the type(s) involved in the patient's disorder, to determine if a given Therapeutic exerts 

10 the desired effect upon the cell type(s). Compounds for use in therapy may be tested in suitable 
animal model systems including, but not limited to rats, mice, chicken, cows, monkeys, rabbits, 
and the like, prior to testing in human subjects. Similarly, for in vivo testing, any of the animal 
model system known in the art may be used prior to administration to human subjects. 

1 5 The invention will be further described in the following examples, which do not Ihnit the 

scope of the invention described in the claims. 

EXAMPLES 

Example L: Method of Identifying the Nucleic Acids Encoding the G-Pro tein Coupled 
20 Receptors . 

Novel nucleic acid sequences were identified by TblastN using CuraGen Corporation's sequence 
file run against the Genomic Daily Files made available by GenBank. The nucleic acids were further 
predicted by the program GenScan™, including selection of exons. These were further modified by 
means of similarities using BLAST searches. The sequences were then manually corrected for apparent 
25 inconsistencies, thereby obtaining the sequences encoding the full-length protein. 



OTHER EMBODIMENTS 

While the invention has been described in conjunction with the detailed description 
30 thereof, the foregoing description is intended to illustrate and not Ihnit the scope of the invention, 
which is defined by the scope of the appended claims. Other aspects, advantages, and 
modifications are within the scope of the followmg claims. 

132 



BNSOOaD: <WO_0151632A3_IA> 



wo 01/051632 

What is claimed is: 



PCT/USOl/01513 



1 . An isolated polypeptide comprising an amino acid sequence selected from the 
group consisting of: 

a) a mature form of the amino acid sequence selected from the group consisting 
of SEQ ID NO: 2, 4, 6, 8, 1 0, 12, 14, 16, 1 8, 20, 22, 24 or 26; 

b) a variant of a mature form of the amino acid sequence selected from the group 
consisting of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26, wherein any 
amino acid in the mature form is changed to a different amino acid, provided that no 
more than 15% of the amino acid residues in the sequence of the mature form are so 
changed; 

c) the amino acid sequence selected from the group consisting of SEQ ID NO: 2, 
4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26; 

d) a variant of the amino acid sequence selected from the group consisting of 
SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 wherein any amino acid 
specified m the chosen sequence is changed to a different amino acid, provided that no 
more than 1 5% of the amino acid residues in the sequence are so changed; and 

e) a fragment of any of a) through d). 

2. The polypeptide of claim 1 that is a naturally occurring allelic variant of the 
sequence selected from the group consistmg of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 
18, 20, 22, 24 or 26, 

3 . The polypeptide of claun 2, wherein the variant is the translation of a smgle 
nucleotide polymorphism. 

4. The polypeptide of claim 1 that is a variant polypeptide described therein, 
wherein any amino acid specified in the chosen sequence is changed to provide a 
conservative substitution. 
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5. An isolated nucleic acid molecule comprising a nucleic acid sequence 
encoding a polypeptide comprising an amino acid sequence selected from the group 
consisting of: 

a) a mature form of the amino acid sequence given SEQ ID NO: 2, 4, 6, 8, 10, 12, 
14, 16, 18, 20, 22, 24 or 26; 

b) a variant of a mature form of the amino acid sequence selected from the group 
consisting of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26 wherein any 
amino acid in the mature form of the chosen sequence is changed to a different amino 
acid, provided that no more than 15% of the amino acid residues in the sequence of 
the mature form are so changed; 

c) the amino acid sequence selected from the group consisting of SEQ ID NO: 2, 
4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26; 

d) a variant of the amino acid sequence selected from the group consisting of 
SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24 or 26, in which any amino acid 
specified m the chosen sequence is changed to a different amino acid, provided that no 
more than 15% of the amino acid residues in the sequence are so changed; 

e) a nucleic acid fragment encoding at least a portion of a polypeptide comprising 
the amino acid sequence selected from the group consisting of SEQ ID NO: 2, 4, 6, 8, 
10, 12, 14, 16, 18, 20, 22, 24 or 26 or any variant of said polypeptide wherein any 
amino acid of the chosen sequence is changed to a different amino acid, provided that 
no more than 10% of the amino acid residues in the sequence are so changed; and 

f) the complement of any of said nucleic acid molecules. 

6. The nucleic acid molecule of claim 5, wherein the nucleic acid molecule 
comprises the nucleotide sequence of a naturally occurring allelic nucleic acid variant 

7. The nucleic acid molecule of claim 5 that encodes a variant polypeptide, 
wherera the variant polypeptide has the polypeptide sequence of a naturally occurring 
polypeptide variant. 

8. The nucleic acid molecule of claim 5, wherein the nucleic acid molecule 
comprises a single nucleotide polymorphism encoding said variant polypeptide. 
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9. The nucleic acid molecule of claim 5, wherein said nucleic acid molecule 
comprises a nucleotide sequence selected from the group consisting of 

a) the nucleotide sequence selected from the group consisting of SEQ ID NO: 1 , 
3,5,7,9, 11, 13, 15, 17. 19, 21, 23 or 25; 

b) a nucleotide sequence wherein one or more nucleotides in the nucleotide 
sequence selected from the group consisting of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15 
17, 19, 21, 23 or 25 is changed from that selected from the group consisting of the 
chosen sequence to a different nucleotide provided that no more than 15% of the 
nucleotides are so changed; 

c) a nucleic acid fragment of the sequence selected from the group consisting of 
SEQ ID NO: 1, 3, 5, 7. 9, 1 1, 13, 15, 17, 19, 21, 23 or 25; and 

d) a nucleic acid fragment wherein one or more nucleotides in the nucleotide 
sequence selected from the group consisting of SEQ ID NO: 1, 3, 5, 7, 9, 1 1, 13, 15, 
17, 19, 21, 23 or 25 is changed fi^m Aat selected from the group consisting of the 
chosen sequence to a different nucleotide provided that no more than 15% of the 
nucleotides are so changed. 

1 0. The nucleic acid molecule of claim 5, wherein said nucleic acid molecule 
hybridizes under stringent conditions to the nucleotide sequence selected from the 
group consisting of SEQ ID NO: 1, 3, 5, 7, 9, 11, 13, 15, 17. 19, 21, 23 or 25, or a 
complement of said nucleotide sequence. 

11. The nucleic acid molecule of claim 5, wherein the nucleic acid molecule 
comprises a nucleotide sequence in which any nucleotide specified in the coding 
sequence of the chosen nucleotide sequence is changed from that selected from the 
group consisting of the chosen sequence to a different nucleotide provided that no 
more than 15% of the nucleotides in the chosen coding sequence are so changed, an 
isolated second polynucleotide that is a complement of the first polynucleotide, or a 
fragment of any of them. 

12. A vector comprising the nucleic acid molecule of claim 1 1 . 
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1 3 . The vector of claim 12, further comprismg a promoter operably linked to said 
nucleic acid molecule. 

14. A cell comprising the vector of claim 12. 

15. An antibody that binds immunospecifically to the polypeptide of claim 1 . 

1 6. The antibody of claim 1 5, wherem said antibody is a monoclonal antibody. 

17. The antibody of claim 15, wherein the antibody is a humanized antibody. 

18. A method for determining the presence or amount of the polypeptide of claim 
1 in a sample, the method comprising: 

(a) providing said sample; 

(b) introducing said sample to an antibody that binds immmospecifically to the 
polypeptide; and 

(c) determining the presence or amount of antibody bovmd to said polypeptide, 
thereby determining the presence or amount of polypeptide in said sample. 

19. A method for determining the presence or amount of the nucleic acid molecule 
of claim 5 in a sample, the method comprising: 

(a) providing said sample; 

(b) introducing said sample to a probe that bmds to said nucleic acid molecule; 
and 

(c) determining the presence or amount of said probe bound to said nucleic acid 
molecule, 

thereby determining the presence or amount of the nucleic acid molecule in said 
sample. 

20. A metiiod of identifying an agent that binds to the polypeptide of claim 1, the 
method comprising: 
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(a) introducing said polypeptide to said agent; and 

(b) detennining whether said agrait binds to said polypeptide. 

21 . A method for identiiying a potential therapeutic agent for use in treatment of a 
pathology, wherein the pathology is related ta aberrant expression or aberrant 
physiological interactions of the polypeptide of claim 1, the method comprising: 

(a) providing a cell expressing the polypeptide of claim 1 and having a 
property or function ascribable to the polypeptide; 

(b) contacting the cell with a composition comprising a candidate substance; 
and 

(c) detennining whether the substance alters the property or Junction ascribable 
to the polypeptide; . 

whereby, if an alteration observed in the presence of the substance is not observed 
when the. cell is contacted with a composition devoid of the substance, the substance 
is identified as a potential therapeutic agent 

22. A method for modulating the activity of the polypeptide of claim 1 , the 
method comprising introducing a cell sample expressing the polypeptide of said claim 
with a compound that binds to said polypeptide in an amount sufficient to modulate 
the activity of the polypeptide. 

23. A method of treating or preventing a pathology associated with the polypeptide 
of claim 1, said method comprising administering the polypeptide of claim 1 to a 
subject in which such treatment or prevention is desired in an amount sufficient to 
Ireat orprevent-said pathology in said subject 

24. Hie method of claim 23, wherein said subject is a human. 

25. A method of treating or preventing a pathology associated with the polypeptide 
of claim 1, said method comprising administering to a subject in which such treatment 
or prevention is desired a NOVX nucleic acid in an amount sufficient to treat or 
prevent said pathology in said subject. 
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26. The method of claim 25, wherein said subject is a hiaman. 

27. A method of treating or preventing a pathology associated with the polypeptide 
of claim 1, said method comprising administering to a subject in which such treatment 
or prevention is desired a NOVX antibody in an amount sufficient to treat or prevent 
said pathology in said subject. 

28. The method of claim 27, wherein the subject is a human. 

29. A pharmaceutical composition comprising the polypeptide of claim 1 and a 
pharmaceutically acceptable carrier. 

30. A pharmaceutical composition comprising the nucleic acid molecule of claim 
5 and a pharmaceutically acceptable carrier. 

31. A pharmaceutical composition comprising the antibody of claim 1 5 and a 
pharmaceutically acceptable carrier. 

32. A kit comprising in one or more containers, the pharmaceutical composition of 
claim 29. 

33. A kit comprising in one or more containers, the pharmaceutical composition of 
claim 30. 

34. A kit comprising in one or more containers, the pharmaceutical composition of 
claim 31. 

3 5. The use of a therapeutic in the manufacture of a medicament for treating a 
syndrome associated with a human disease, the disease selected from a pathology 
associated with the polypeptide of claim 1 , wherein said therapeutic is the polypeptide 
of claim 1. 
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36. The use of a therapeutic in the manufacture of a medicament for treating a 
syndrome associated with a human disease, the disease selected from apathology 
associated with the polypeptide of claim 1, wherein said therapeutic is a NOVX 
nucleic acid. 

37. The use of a therapeutic in the manufacture of a medicament for treating a 
syndrome associated with a human disease, the disease selected from a pathology 
associated with the polypeptide of claim 1, wherein said therapeutic is a NOVX 
antibody." 

38. A method for screening for a modulator of activity or of latency or 
predisposition to a pathology associated with the polypeptide of claim 1, said method 
comprising: 

• a) administering a test compound to a test animal at increased risk for a 
pathology associated with the polypeptide of claim I, wherein said test animal 
recombinantly expresses the polypeptide of claim 1 ; 

b) measuring the activity of said polypeptide in said test animal after 
administering the compound of step (a); and 

c) comparing the activity of said protein in said test animal with the activity of 
said polypeptide in a control animal not administered said polypeptide, wherein a 
change in the activity of said polypeptide in said test animal relative to said control 
animal indicates the test compound is a modulator of latency of. or predisposition to, a 
pathology associated with the polypeptide of claim 1. 

39. The method of claim 38, wherein said test animal is a recombinant test animal 
that expresses a test protein transgene or expresses said transgene under the control of 
a promoter at an increased level relative to a wild-type test animal, and wherein said 
promoter is not the native gene promoter of said transgene. 



139 

SUBSTITUTE SHEET (RULE 26) 

BNSOOCIO: <WO_0t51632A3_IA> 

5 



wo 01/051632 PCT/USOl/01513 

40. A method for determining the presence of or predisposition to a disease 
associated with ahered levels of the polypeptide of claim 1 in a first mammalian 
subject, the method comprising: 

a) measuring the level of expression of the polypeptide in a sample from the first 
mammalian subject; and 

b) comparing the amount of said polypeptide in the sample of step (a) to the 
amount of the polypeptide present in a control sample from a second mammalian 
subject known not to have, or not to be predisposed to, said disease, 

wherein an alteration in the expression level of the polypeptide in the furst subject as 
compared to the control sample indicates the presence of or predisposition to said 
disease. 

41 . A method for determining the presence of or predisposition to a disease 
associated with altered levels of the nucleic acid molecule of claim 5 m a first 
mammalian subject, the method comprising: 

a) measuring the amount of the nucleic acid in a sample from the first 
mammalian subject; and 

b) comparing the amomt of said nucleic acid in the sample of step (a) to the 
amount of the nucleic acid present in a control sample from a second mammalian 
subject known not to have or not be predisposed to, the disease; 

wherein an alteration in the level of the nucleic acid in the furst subject as compared to 
the control sample indicates the presence of or predisposition to the disease. 

42. A method of treatmg a pathological state in a mammal, the method comprising 
administering to the mammal a polypeptide in an amount that is sufficient to alleviate 
tiie pathological state, wherein the polypeptide is a polypeptide having an amino acid 
sequence at least 95% identical to a polypeptide comprising the amino acid sequence 
selected from the group consisting of SEQ ID NO: 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 
22, 24 or 26 or a biologically active fragment thereof. 
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43. A method of treating a pathological state in a mammal, the method comprising 
administering to the mammal the antibody of claim 1 5 in an amount sufficient to 
alleviate the pathological state. 
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